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GUAPT£B 1. 



IMTBODUa'ION. 



To the (Svil mmI HeduuiiMl EDgiBcers of Jap«ii. 

Before euteriug npon the subject of this treatise, it will be ueccssnry to mnltc no 
many explanations and statomeute of facts Umt it will bo maob better to address yon 
dizeoti;; I bope therefore^ thftt yon irill jfudxn. tat ivriting thia cbaplor in tlis 
finlpwMMit 

Probably the first qncstion whicli enters the miinl of one who is about fo road A 
tecLuical woik ia "for whiit purpose and in whose interest is this book written." 
Tbe Japanese are generally, and pcrbapa with reason, autipicions of any proposed 
innonUoD by » foragnor, tiiinkiiif th«i ilw propoaar may tnro mi " »« to grind." 
On tliifl aMOUnt tlu^ occasionally fail to profit by the cxperienM and a<lTicc of those 
■who really have the interests of Japan at heart. But as nothing is done without a 
reason, it may be as well to explain, before going any farther, why this book was 



In the first place let me Mtnre yon, gmltemen, fhal 1 Aom not an axe tu jriud; 
because my stay iu tliis conniry is for vnrioas reasons necessarily limited to a little 
over a year longer ; indeed, it has been with difficulty that I have so arranged my 
frmily affiyn aa to be aUe to emnply ^tb the re^naat of the CnivorBity authorities 
to lemaia a jaar longer than xof original eontraek alipulatod ; eonaeqnenily I eaa in 
DO way he pecnniarily bciiefittecl by your adopting the system of bridgae hooui pro« 
posed. My reason for preparing the treatise is simply this. 

I came some two years and a half ago to Japan, hoping not on^ to be at the 
head of ft burge departnentt but also to be able to oeoapy my apore time ia attend* 
ing to practical engineering work. Instead, I have found that there ie no vwk in 
tJio country for foreign engineers; and, what is worse, that there are newr more 
than a dozen students in the engineering department. Now ae I am unwilling to 
depart fieom Japan after a sojourn of three or ibur yean irilhoiti leaving behind me 
■one proisBsioual record of my stay, I have devoted a twolvemoatbof my i^aretime 
to the preparation of this worlr, which I hope will meet with your approval. 

In suggesting that you change your present stylo of bridge dosigning to that ex> 
poosdod in the following pages, it is no untried experiment that I am asking you to 
mahe; for the qfstom propoaed ie eaaentiaily in agreement with the beet Amerioan 
praetioeia biidge eonBtmetira. 
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Tlint tlio United Btntcs of AmoricA loiu) the world in bridge building is a fact 
nudispated even iu Europe. It is no wonder that suck ia tbe caac, for owing to the 
inunaDM eattHit of torriiocjr mil tlis imgiiH in nulroMl bniljUng of toto yvm, 
there lifivo Ijppn more iron bridges built tbcre lliaii in !\ny ollior country. Then 
ngain the amonut of capital available for railroad purposes or any other engineenug 
work being maoh lees in the United States than that which could bo obtained in 
older Md ikheir ooimtries, and tho oooi of all kinde of hboar being Tory lugb» it bM 
bi on fonud ncceasai-y in all branclirs of consti UL'tion lo study economy. Tn no 
department of euginooriiig is this fact more evident tlian in bridge building, for not 
only i« it made a speoial^ by many companies, but what is more, when American 
bridges Are pntin ooaipotioin vittt thoot of oibw oovatriM, tbo AuMriMii biidgWMe 

obiMcii, notwitliHfnndiiic!; tlic hij^hpr prices of Ainrrican labour and materials. 

In this connection let mo qnoi& a Uttio from an article which appeared some 
eight mouths ago in the Km Turk Ttma upon *• Bridge Building in America." **If 
ibero ti anytbtng in wbiob the United Btates oan justly etoim prooedenoo over lUl 
other countries it is for tlio simplicity, racclianieil construction and boldness of do- 
eigu of their bridges." This remark was made to a Times' reporter, and with a good 
deal of pride, by Mr. Thomas 0. Olnrlie, of the Union Bridge Oompany, and one of 
ibe Tetenmbrij^boildoM of Cho oompuy. ** The BraoUyn bridge," he added, • 
the largest span nn l i» consiilcrod tlio bu irc st bridge in the world. But wo will soon 
bo obliged to yield the palm of having the biggost bridge to another country. There 
is now building over the Ffrtk of Forth, in Scotland, a bridge of two spans, eoob of 
wUoh is a» long as Am Brooklyn biidga. ThU ia fb« groa t e o t bridga over deogniod 
anywhere. We aN np to noihing of the kind ia &m6rioa» and we bami'i tamaf 
^ongh for it." 

" TUoro arc probably 800 miles of iron bridges iu the country now, and perhaps 
in (he neigbborhood of 700 miles of noo&n bridges. I am qpeaking now of railway 

bridges. Tbe conslriietiun of road bridges is quite a scparntu and distinct industry. 
It is the price of iron that regulates the cost of a bridge; the cost of labor has very 
htUo to do with it." 

**To oeoM baek to bridges," eontinnod Ur. darbe, aD, or nonrly ill, lha otoel ■ 

used in railway bridges is made here, very little bcin.L; iiup(n tod. TLut new Lridf.'e at 
Bondout, on the west Shore, if built ten years ngr», wonlil have been the sul>ject of 
a book. Now it is simply a railroad bridge, and not one traveller iu t«n ewii looks at 
il as bo goes ovwit II is very Bgbt, yet perfectly seoore. That b a great point 
whore American engineers excel — in having lightness cornlnm il with perfect security. 
It is a savinf^ to the railways, too, fir bridges are paid ior by llio pound. Now an 
Older is given fur a bridge just as it is for a locomotive — it is mere matter of com- 
mereuJ numrfoaturo. When I waa in Engla&d some years ago I wanted to go and 
see the Tay bridge, but the civil engineers said : ' 0, that's not much good ; it's not 
wortii froiupr lo sec' I didn't sec the bridge. But I know its construction was so 
palpably erroneous that a common honso carpenter could havo seen its unsafe condi' 
tiflo. Onr AmttiiMU railway history shows notbmg the oqwl of that groat diaastart 
Ihoagb the Ashtabula horror oame near enough." 
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"Tba bridges built in the lost fiTO at six yeura are perfectly safe, auless two toaius 
dwaU meet or m tnin iun4M ths Both of &tmb Bttaidontfl tro ntremdy im- 
probable. Tbs railroal oompaiiim allow no inm hndgu^ improperly eonsb-uctcd, (o 

remaiu. Thcro are, to bo sm-e — or so I liavo beard — a good many unsafe lu iclfjes, 
probably handrecls of tbem. It will take time for these to be replaced by iron or 
steel ooM. The great danger with wooden bridges is l)rom«rii3erffBii2if«v]a. These 
drop on tha wkmI, ehar in » little, and vsaken the stmetmra until «i imasnally 

hrnvy tiftin or siuldcn jnr caiisps a crrtsh. There bavo been bauclreda of accitleiils 
from tliis cause. So the wooden bridges must go. An iron bridge ooeta UtUe more. 

We'Te always been ahead ot the world in bridge building, and ire intaoil to slay 
flNie." 

The following extract from tbo "DeUware Bridge Conjprtny'n Mbnm " honrs 
upon wbnt I hare already said eoucerniug bridgo designing in America being a 
specialty. 

" The construction of wtonght itou bridgM hM attained such dcvclopmout 
within the past 10 yoara as to bo now rccocynizf^l m a separate and iuiimrl lut branch 
of eoustruetive engineering, essentially depending for its .suocoas upon the skill, ex- 
perience and int^ty o£ Q» engineer, trtio has speeiall j devoted himself to the stndy 
and praolico of tbe snljifli. 

Good iron bridges aro occasionally bnilt by onprinoers in general practijf, nnd 
there are still a few railroad companies which have a bridge construction depart- 
ment; bvl ae a mie, bridges are built to-day by men wbohaTe endeavored to aBqaaint 
themeelTes with tbe intricate questions invoIve<l in the appUcatiun of the general 
tlieory of skeleton structures to practice, and who have found that the sti1>jrct wns 
capable of a snffieieut development to abwrb their exclusive attention. lu otlter 
wotds, bridgw ate built to-day by bridge-bnilder^ and to beoonw » brid^boilder 
dtittftnds such an amount of technical knowledge, couplod with, and partly the result 
of, large experieiioo in t1cs!',m, nml in (he innnipnlntion of materials, as will ensure 
the oreetion of structures which are not only scieutihcally sound in principle, bat at 
tiie eame time eeonomieal and dnrabls." 

The following from au article in the Chicago Railroad OnttU of July 1870 up- 
on "Knglifth and American Iron Bridges" will also confirm soiuo of iiiy st;it? nionts. 

" Some two months ago tenders wore sohoitod for the ooustrucliou of iron rail- 
way bridges of spMis of 100 and flOO fbot, hf the Inlareolanial Railway of Oauada, 
connecting Quebec un 1 Halifax. This call was very generally resjwnded to, there 
being tenders pnt in by nineteen J£ngltsh, one Belgian, aod sixtoen American bridge- 
buildera. 

The apeeUteaUon, whiob was a rigid one, oalled Jbr nniformity of strength, bat 
IflA the design open to eaoh person. The bridges wore all to bo of wrought iron, 

eapaltle of be a iiii^' 1 1 gross tons per Hueal fo<»t, in ixnitioii to their own weii/lit, 
without straining the iron in tension to over 10,000 poumis per square inch, i i>o 
iion of Dm MO feet spans was to be eapable of bearing 60,000 poanda per aqnare 
inoh before breaking, and tiiut of the 100 feet spans CO.OOO pounds pur square inch.' 
Ifoeh interest wag ielt as to tbe reeoll of this oompetition, whioU was .virtoally 
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ono bctwficn English and American jsyst^^m'? of liriilgc buililin?^. Tho decision wan 
tliat tli« long apnns in»o awarded to an American firm, Messrs. CLAllKR, KE- 
EVES & CX). , of PtMBuixTiUe, Ba.» and ttw OuH spans to English bridge-bnlldsn, 
tho Faiibairn Mannfactuifng Company, of Mancbosler. Of the thirty-six plans 
sabmitt«d, only ihroe or four were rejeetod on aoooont of nofc ooming np to qmwl 
strongib. 

11m bridges ordarke^ BeeTW A Co. w»t« seleotod for fbt leog spsns. noi only 

fts being nndonblcdiy first-clAsg, both in material and vorkmansfaipt but also as bo- 
ing the lowest responsible tcn-ler. Some cnrioBily Im?? hefii erpresseil to know how 
American bridgo-bnilders, using high-priced iron, and pajing higher wage* for kbor 
lima Oiflir Eo^idi eompotitors. ooold yet build a kss Aoslly bridge. 

WbSa at is to some extent trae that tiMspedllflatioiis allowed of a bmerqiiarity 
and less expensive iron for tho 100 than for t]io 200 foot span, yet one of the prin- 
cipal reasons xfhy an American firm was lowest ou the lout,' ami an i'>nj;1isli firm on 
tiie short spans is owing to tho less weight of iron ro<inircd by the Amorioan Kysteni 
of bridge, and tins is mote appsient the longer Che span. 

BoTTir iv^rsong erroneously suppose that the more iron there is in a bridge the 
■trongor it will be. But a little reflection will show tliat it is nnly tlio iron that \s 
working, or, in other wonU, that is actually stnuned by the load, uiat eontribntes to 
the strength of tho straotore. All the reet is deed weight» and merdy weigh* down 
tlio bridge. In very shovt spans thii> in not disodvantageoos^ as it tends to dimmish 
vibration, bat in lonj^ spans whei o tho weight of the bridge much cxccvh thai of tlie 
load posoing over it, every pound of iron that does not contribato to the strength of 
the bridge is a positive inj ury . To ilfauirate this mora dearly : if ono bridge weiglu 
180 tons and another 260, and both ars atrainod by the rolling load 10,000 pooads 
per square inch, tho lighter is tlio stronger of the two. But if the 125 ton bridge ho 
atraiued 10,000 pounds per square inch, whiio tho 2oU ton bridge is strained only 
IKXIO poonds per sqaxure inch, then tne latter has really double the strength and 
doable the Ufe of tlMfonaer; for half tho iron may oorrodo away, and then tiie working 
area of the bar will bo equal. It is not clearly perceiving this fact — that tho streng- 
th of the bridge depends upon tlio working area of eaohpart^that has led OUT Eqgliah 
friends to moke such heavy bridges. 

In aeveral phms, if tiio sbrains per square hidi are alike for shuihr loads Uioy 
inu jt all be of the same strength, providing the connections are equally petfsok 
Some take more iron than others to effect tho result, but the result is the same. 

Tho ligiitness of American bridges is due — liit, to the oottoontrattoa of material 
along the Ihies of strain, whioh anaUed a lighter web system to bo need, and heooo a 
higher truss; 2d. to this greater height of tmss, whiefa throws less Umrago on Ot» 
upper and lower chord systena, and hence rcfjuires loss iron in thoir mcinbcrB; 8d, to 
the use of eye and pin connections instead of rivets, by which there is no wasto of 
metal to oompensato for the deduotloa of rivet-holes. 

Ameriean brldgee are stilfor Tortioally and better braoed latereOy than Saglioh 
bridges, their greater height giving less defleetiott noder a load, and allowing of 
oTsrhead braeing as well as thatbdow the tvMk. 
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Bat tho less qanntity of iron required to do tlus work is not the whole explanation of 
UltlMienbof AineirieaaittMmpitndirithEttglUiM^ A Maood and oginllr 
iiBlfOckmt reason is the loss amoaal of mamMl labor roqaired to coiufanMl uA wMt 

tbem — owing to the general nso of raftchinory in forming all tho pnrts. 

EugUah bridges are made of low-price iron and reqniro a great deal oi it, and a 
gnat deal of hnid-MKV fin ooBolnietkig Mid orwti^ 

Aruericaii bridgm have all thoir principal portsfonned by machinery. They aro 
of CTtftCt uniform dimensions, in similar spans', and Itoncf? perfectly intorchangenbl(>, 
like the parte of the loeka of the American riilea, oi of irewiug-machinea. Hence 
naiiiiiia-labor «aa be appliod to llitir nuumfiMtara, and ttio eoal •& tlia irarks i«' 
dwad to ft nunimura. 

Bat American bridfjcs haTO sliU another advantage. Tliey arc ko made that 
near^ all tho work is duue ut Uio bhops, and they can be crecle*! with tho least p08> 
aiUa aoooal of labor, and. that mwldUad. Ib faei, tbeooat of anatfng tho staging 
is the principal expense ; after tli u 200 feet span «aa bo «Metodaiidnaido«df*sn8« 

tsanint;; in the Kpacc of two liayn, if nowssftry. 

But the Enghah bridge is only about half dooo when the soaffoiding is butlt and 
lhairaipiasodoponit. It baa <baa to bo vifatod togeOiar, vbidi is oqpanaiWk ao 
the conTeniences for each work at tho site of a bridge arc not oflcn great. It is slow 
and t<'dion8, requiring from two to tlircc weeks to put together a 200 feet epnn. 

Taking all theee tilings into account, it will be eeeu how American bridge-boild* 
srsbawbaoaablstoaoatpatoiritbBai^flnu on tho kiga biidgo at BDftde^ 
and m tho Moanl «ase of tiM long agon bridgia of fha Intenoknilal BaOroad of 
Quiada." 

I have dwelt at length upon the oompariaon of Amerioan and European bridges, 
fpr fbo naaon ttftt ^ J^Mossa laiboad bridgsa aco of <bo lafttor 1^ 

li will now be necessary for me to critioixe the railroad bridges of this oowiivy, 

and I hope yon will excuse mc for so doing. I have little hesitation in cxpreBsing 
my opinion thereon, kuowuig Liut the designs are not yours, but ore the work of 
BOBia of tho pfasant and fRaiar foMMlgn ontpiojaaa of iha Baflvi^ I)^^ 

The first grave error to which I would call your attention is that both for 
economical and prudential reasons the spans are too short, tho snperior limit being 
one hondrod Cset. For any locahty that lindgc is the most economical, for which 
tiw tolaloostof botii sopsrstnictaro and jbnndations is a mfaimnnii prondad that 
the waterway be not so Ujssened as to endanger the stntetoro from waahoiU or to 
fftise tlio flood level of tho river enough to injarc the snrrcrandinp eotmtrr. 

Now aa the cost of foundations is always very uncertain and in most oases exes- 
oda Oa ailniato» U ia olaar ibat tong qpans, mpttitBj ovar tiio deepest pari of ttio 
rivar, are UiAte to be more ooaaMndeal fliau short ones, and oa oaa will deny that 
a span of one hundred feet is a short one. At^.iin, for ench spsna the contraelton of 
waterway is at ieiuit ton per cent, winch, ui addition to the pihng up of the water by 
tba inpaat of tbo oorrani againal tba plan, wiU oaosa a daeidod ineraaaa in tbo 
flood level. 

If an Amarioan angioaar «•«• aant to inq^ and paaa jndgiMBl npon n 
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Japanese raili-oad trnss bridj^o, be tronld condemn it before getting within a hnndrcd- 
yards of the struoturo, for all auch bridges have pony triwsos without any side brae 
jpg. This is objeotionable for two very important reasons : iiriit there k nothing to 
feaiBt tlM iriadpraaoza upon <lia top ebocd, and to prevsatiiiovoHaniiiigtlietnii^ 
and Eccoud, when the top chord is not held laterally at the panel points or otbtr 
plnccs, its trnc length as a colnnrn must bo about equal to the total length of span, 
when considered in rcupcot to lateral deflection ondor load. It is quite evident tli&t 
no pony tnuBOB in this ooontry havotii^ top chords proportioned for the nuniber 
of diameters fcuud by dividing the length of span by the width of top chord plate. 

As the before mentioned inspector would approach the bridge ho would be 
stmck, in fact horrified, by the absolute lack of lateral bracing ; for one cannot im- 
agmo that Um invetting of tbe floor beams to the lower diorda by four riTolB at eedi 
end can ghre any lateral strength to the bridge when snbjeetod to wind pteasnre. 

TliCrc is just as much reason in this arrangemmt as there would he in omittiuq thf diaijo- 
nals/rom the trusses and rirettimj the rerlicnl posts to the ovtmle of thf ffp and hnttorn 
chords. Such an arrangement might sustain a small balanced loud, but an uncvculy 
dtstEibnted load would eertainly destroy the atroetnre. The Japeaose trass bridges 
arc therefore wholly unfitted to resist the stresses prodttoed by a whirlwind. 

The next thing thnt would catch the inspector's eye wonld be the incUncd struts 
of the Warren girder, formed by trussing, in the most inefiicicut manner possible, 
two Tory thin, wide bars. Snob sbrats were experimented npon years ago in Ame> 
rica and were unhesitatingly condemned. It needs no experiment, thoogh* to show 
their inefficiency ; for theory teaches tbat tlio strength of a strut increases with the 
radios of gyration of its section in respect to the neutral axis uf that section ; and it 
ie eridant to all that a flat bar faaa a yeiy imafl xadins of gyration. 

The next parta that the inspeetoir wo«U noUee would be the eihords* Li the 
upper there is a waste of material at all points except the centre ; and the box fbrm 
of the lower wonld condemn it iramodiutoly in his eyes. Coneeming this point let 
me give you the opinion of A. P. Boiler, Ea^. (J. E. , a well known American engin- 
eer Of admowledged abili^, aerapressed in tiis treatise on *'Ix<m Highway Bridges." 

**ln oontinuous box^shaped ehords, the pin holes must be reinforced withthiek* 
emng plates, not only to uicrcaso pin-bearing, bnt also to distribnfc the pressure de- 
livered to the chord at each panel point over as much surface as possible. Further 
it is advisable that the inoreased sectional area required at eaeh panel point, in ap- 
proaching the eentr«b be phoed in the tidM of the bos. as it is through the sides that 
the pin passes. It is not one of the least excellencies of the pin-councction system 
that the chords, posts and tension-members may be made to unite at the centre of 
their several sections, and by proportioning the box chord as above this may bo no- 

eomplisbed vary folly. ....This principle is abont as ftr lost sight of in xiTet- 

ted work as it is possible to be. In such work the chords have no stiffening along 
the inner edges of \ho. vortical plates or sides to which the web system i^ rivottctl, 
and the increase of area is mode by rivettiug on plates to the uji^er side of the top 
chord, or Imtr side of the bottom. The centre of section is not at tiie middle of ihe 
aidfls, as nanilly aisomed, bat approaobes the top or bottom platesi and in lavgo 
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spans, wliei'o the atrams arc great, uccc!>sitating a Inrgc area of section (placed 
moMy in the above plates ) the oentra of flection approeehes th« plotes very vapiillj. 

TItc rii i tled tystfM has of necessiti/, so many iiii>erfectioiis of ilesiifii, of Korknmauh^ 
and viatfrial, in fonlnfit u iih the above [ piu-coiiucctecl ] , /A<i/, lo of^tain aiu/thinrj np' 
proachuiQ equal strength on the same speci/kaiiou, it sliould ohIij /«• vmi with a higher 
/actor qf $afettf* It is probable that this difference is not lese than 90 per eent : bo 
lliat when a pin bridge is called for, haviuga Tactoi- of five, a rivcttcd bridge cannot 
bo considered as approacbing the snmo strength uuli ss it U [n-nj oi tiuno 1 with a fac- 
tor of iwr. Ihe fact that a rivettt J bricigc still or that its dcllcctious may be suiali 
under s te«l, is no wideneo of strength, vhieh laet depends upon other eonuder»< 
tioiie than those implying to stiSheee " 

These remarks of Mr. Boiler's are intended for lattice bridges, in which the wch 
members aic rivettetl to the chords, but tbcy arc moat of Ihciu applicable to tbo 
lower chords of the Japaueso bridges, which are maile continuous fioui end to end of 
span bj rivetttng. The Japaaeee trniw brklges, althongh Warren girders, are not 
wliat may be properly termed pin*ooaaected bridges, for the office of the lower diord 
pins is merely to transfer the web H'royyes to the chords. 

The inspector would next turn hia attention to details and would notice the ax>o< 
k^es for stay plates containing one rivet at each end and apaoed about three ftet 
apart, which connect the opposite flanges uu the under sides of the top chords; the 
hoa'la on the main diagonals formo l Ijy rivi ttiug a piece of pinto on Cin li side of the 
bar at tltc eye ; and the smallnoss of the couueotiug plates aud the paucity of rivets 
at the joints in the chords. 

Ilisrs ii thmg that he woidd be stire not to overlooli, and that is the absoioe 
of a guard rni! or any arrangement to prevent a derailed car or locomotive fi ora go- 
ing through the bridge. This is iadr-Pil a grave fault, for derailed cars liavo been 
known to go long distances before tlio accident iias been found out : the reason that 
no Japanese bridge has ss yet been destroyed in this vray is probably due to the ex* 
eellcnt quality of the road bod and to tlie absence of aevera frost. 

Tlio trouble with most English bridges aii l conseiinontly with thoge of thix 
cooiitry is that they aio designed by railroad engineers, who have not mode a s])ecial 
■tody of l«idge designing, and are therefore incompetent to do the vork entrusted to 
them. 

Althotigh 1 have made many iiKjuiries I have been unable to ascertain anything 
certain conoemiug the deigning of the Japanese bridges, in respect to cither tbo 
mmed loads or the intensities of worlung strciis, tho invariable answer to my quos* 
tions being that *' the bridges are made aceording to dengns prepared by foragners." 
One engineer did tell mc that the assumed live load for all cases was one Ion (2240 
pounds) per linen! foot. If snch be the case, the sliort spans are too woiik. 

Thanks to the courtesy of Mr. Tukauobu Kouo. M. E. aud Mr. Yoshimura of the 
Xoba Dslgakii, I have been able to obtain the actual -weighls of iron in a number of 
the Japanese bridges. Of these I have chosen the iolloiring Ibr the pivpose of e<Hn- 
parison with tho bridges designc;! for iLia litatisc. 

A single kwek latlioo girder of sixty-scvcu fuet span ou the Kobe and 0;>aka line 
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waiglu 81^ kiig hmor 70,660 poiinda. AnollMr dogle tradt laMioe giite of 

nincty-fonr feet span loiwecu Kioto and Osaka weighs 47 long tons or 105,280 
pounds. A double traoJt truM bridge o£ one Iwndred iMb q^miglu 77.0 long tons 
or 170.824 pounds. 

^ i&terpoltting in Thbfo I w» find fhs irdc^t of inn per liiMal M 
•|iaai to b« abooi 800 ponsda, and that for a 91' spau 872 ponodflf nuUng ti» tofcd 
waSgfats for these cases respectively 69,600 and 80,088 ponudd. 

A special oalcolatiou gave the total woght <^ ir^ for a 100" span double track 

Now as the bridges of this faroAlise i\ro proyidod with iron stringers and guard 
rails and oak ties, while tlio Japanese I)ri<igos liavc only wooden stringors it is evi- 
dent that the former are at any rate the more economical; and, I think, that if you 
«31 Mm ttM iMablo to flanftdly Mad tiio folKnrfiig cihapten, yon iriD oenolnde flinl 
tluy $m also much better (lesir^ncd. 

Tlje reason wliy the double track bridge that I designed is proportionately so 
much heavier than the sioglo track bridges is that the overhead bracing for reasons, 
wbiob will appeBr fuibftr on, is nMeasarily vacy heavy. 

Bat to return to the subject of American ndbond bridges j I do sol wish yon to 
imagine that I consider lliom all perfect and in every way superior to the Enropoan. 
Unfortunately snoh is not tlie case, for many ATiating bridges iu the United btatos 
an tt* wqtIe of inlitriof bridge eompaniee and engbeore, who have luled to pay 
proper attention to detail. Then again the bridges of twenty yean ago nvo not 
hcnvy f!noiif;b for tlie rolling loiuTn of to-day, and moreover the science of bridge do- 
signing baa made great progress in the last twenty years. But the lately erected 
bridges of ttie beUer ohm of Amariean bridge eonfaides are nndonbtodly good, and 
it is with these in view that I have prepared this treatise, endeavonring in every res> 
pect not ocly to cqna! tliem in excellence of design but to improve upon thom wlinrf^- 
ever I saw the opportunity. The styles of trass adopted are those of the Pratt aud 
Whipple eystoms, ov the ringk and doable qaadnngnlar tnuaes. That these fcram 
are both the best and most economical is proved by their being almost universally 
adopted by the loading bridge btiihlcrs of tho United Stnt^s ; besides, I have ehovm 
in a paper entitled "Economy in Struts and lies," by u method entirely pracltoa), 
that wrtieal poeto and inoUned ties are more eoonomieal tban any other anango- 
iMnt; and these are the essontial features of tho Pratt and Whipple trnssc!?. 

Yon will notice that double trade bridges nnd deck bridges have not been as 
fully treated as through and pony truss bridges : deck bridges are apphcahle to only 
high giadeeroseingatlliw of whidi will bofMUidnieeeieaiyhk this 0^ whiloihe 
doable track bridges will not be needed, in all probability, for the next t'ts'eiity years, 
by which (irufi steel will have replaced iron in bridge constrnction. Ncvortheiess 
you will hud Uiat both these styles of structure have received sufUcieut attention to 
enable an engineer to derign then with ease, the onfy dilbieniee being that he will 
have no diagrams similar to those on Plates XIV— XLU to guide him. In reference 
to tli('=(> d!!>"r 'ius I would atatc ibftt tlio dead loads and wind probsurori bad to bo 
hr&t utiiiuiucu ihtiu oheokod, so that uxuy do not agree exactly \^'xtli thotio givttu in tho 
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body of the work, tbe difference?, however, are all within tho iimits allgwod in good 
pr&etioe. Altbongb the priooiplee employed in dengning plate girder spaas bM« 
lieeii folly eltuudated, no ezamplea bavfl been worked oni or dugrami given, for Um 

reasou Ih&i liniG ami Hpace do not permit; and flurois i;o iu'ei"!5;.sity tliorefor, because 
you bavo many oxiiniplos of existing plate girder sx)ati9, which do not differ funda- 
iQentally from thoso which would be designed by tho motliods of this book. Never- 
4belM* yon will And thai the latter will ezeeed iba finrmer in weigbt and effioieney. 

No epccinl treatment has been giren for skew bridges, for none ia Headed; the 
methods for designing them hmng preci«ely the surae ii8 thoso for desif^iing otbev 
bridges. Whenever it is convenient to do so tho panel lengtli of a skew bridge 
dMidd ba didBen eo tbat the shoa of <nia tnua oosim opponte the first panel point of 
tlie other trnss, in order that the flooi^benme may ba at right angles to the planea 
of the trusses, both for pconomical reasons and avoid x\mt<i .sin t^lo Ijcam hanpprs. 
Tins arrangement can often be made by shortening tho panel length a little, and, if 
it ba allowable, slightly changing the angle of the skew. Even if it be impracUeable 
to make this Brrangement, it is nsaally batter in skew bridges to advanoe the ends 
of tlie floor beams at one side of the bridga bj one or aren two panel lengthsi if by 
so doing tho floor beams be shortened. 

The ton used in the following ch^ters is the American or short ton of two 
fbonsMMl pounda : it wiU ba foond moeh mora «<nmiDtant than the long ton. 

It seems almost unnecessary to state, except for the benefit of foreign readers, 
that tbe gauge of track is 8' 6", that the distance bctwoon centre} linos of inner rails, 
where there is a double track, is 6' 2^", and that the width of the head of a rail is 
Si", making fha diataaee botwasn eentres of paraM traeks V lOi". 

In making fha dasigna on Plates XIV — XLII American iron was employed, tha 
reason being, as can be seen from the next chapter, tliat the EurojipEin channel 
aaetioos do not have tho oeeessary range in weight and are with a single exception, 
litaited to a depth of twelTo inahaa. Oam«gie'a seetionB hava baan axalnnvdy used, 
beoaose not only docs his oompatty roll mora iron than any other compaiqr in tha 
United St itcs, but they are also tnbnlntcd in n more convenient form tlmii arc any 
other sections. On ihis account I have copied from his *' Pocket Companion," with 
iUe kind permission of the Company, all tha tables that I think will he of any use 
to ytn» 

It would bo well for each ongiooer in this country, who has anything to do 
with ironwork, to provide himself with the books of sections of all the manofaotor- 
ing oompanies mentioned in Chapter U. 

Conecraing the oost per pound of llnished bridges of fha Ameriesa ^pa I ham 
made many inquiries both in England and America. The American prioa is at 
present ahoat 4^ cent^j f. o. b. : the English manufacturers -vrith but one exception 
refuse to quote prices without seeing working drawings. This exceptional omnpany 
makes fha prioe about half a sent less or 4 eenta gold. Xhe freight duuiges from 
Siqg^d and America differ only a few cents per ton. 

A3 to where it is better to have britlgcs manufaclarcd each engineer mtisl 
jodge for himself. My opinion is tbat for plate girder spans it would be more 




— 10 — 



economicil nn<T satisfsictory to import tlio iron ami rnfitmfactnre tlicm in thin ooiin> 
try; tliut for nil Kiugle track bridges and a)] ordinary double track bridges it voold 
be cheaper Mul better to hare tbem mAnafHOtor»d in Ammco, and that for all 
doable track bridges wliich arc 8o licnvy an to necensitate tlie use of liaiUckanadl 
for tbe lop cbords and butter i rnccs it wonM \'ny to innxhaso them in I 'ngland, 

TUo cxira liulf cent per pound may ftppcar to »onjc of you so great as to nnllifj 
llie eoooonjy of pnrdiAMug bridges in Amorica, bnt yoa irUI find UmI snob t» 
Tariom reaaons ia not the case. 

First thn want of the proper channel Rcptinns wUl generally necessitate tlio me 
of built VlianneU for the top diords and batter braoef, as in the present Japanese 
bridgofl, and aometimea «Tain for poata. By reason of the shopwork thereon suoU 
elianiiels are more cxpeDaiTe (ban roUed aeotiona; nor are tiuij aa atrong or of aa 
pleasing au appearance. Secondly bridges o' the American stylo can be built miull 
lu tter ill Ainct ic I ih;in in Kni^'land, whore not only arc the workmen uunsed lo tins 
Klyle of worl<, but also the m umfacturors are unprovided with the necessary special 
appliaucoa. 

Tllirdly attob bridges can bo bnilt ninch more qiiioltly in America ; and time is 
money. It was on!y ii few weeku ago that I read in an American technical jonrnal 
that one of the South Americau countries iiad decided to purchase all its iron 
bridges in ibo Udted Statea rather than in Fnglaad, simply on aooount <tf tfaa 
delay. 

Ant finnlly there may not bo snch a difft rL'noe as half a cent per poTind, be- 
cause tho prices of iron and Libonr are falling in America* and it was only one 
company in England that WM willing to quote any priees nt alL * 

Wbanerer there ia ■ large piece of ironwork to be done in Japan, ii wonld 

bo well, if time permit, ti send to tlic principal English nnd American manufac- 
tiii ers for prices. In this way only can it be determined (o whom it will be beet to 
award the contract. 

The addreaaea of ilie principal nuumfiMtarera mo 1m found among tihe «dvor> 

tisements in the London Kngineering and in the New York Engbmrhjf Snr$ <md 
.inifriean Onitrnct Jitrnal. It would be out of place for rae to reoommend to yon 
in this work any particular manufiusturers, though I have no objection to giving to 
any of yon indirtdnally my opinion aa to wliat ahopa in America do fihe beet work. 



*BineetlieV.8. eHMaboofc went to tiie printer, I have heard from the englaeer 

of one of tho Lir^est anrt bcwt kniTwn brirlgo companios of tho TTuit«>d Sttit<ia, tliat Amo- 
rican ir >n manufnGtarera aru undcraclling the EngUah bj throo or four pounds sterling 
pertoniandtbat AnurieiaironisalioattobeitMdfai Aoatxalia. Tbm wmm ■ngfaww 

writes as fi^llTWi. ""Onr stmetnra! iron is tioton'onsly hotb rthun'Rnglish Besitiea 

tha lower pnc« and b«tt«r qnnJitjr of tnetal in American work, tbe latter has th« adrantago 
at fur g i e a te r facility ta wetlon. BaallAwoFlt rieqidnsakllMUMrtepattogsllHiria 

tho fi.H, r»n tte«>i>nnt <>f it< ri .'cttiTi;,'. Onr strnc*nros <akn be put up in Japan by tho 



nativuB Uifinstilvcs. Wc can sliip work to Japan with erection plans, where it can be 

■Miifed and put up by theJapaasae tbanifleltreK We aie aonatantly doing tide far 
Booth Aaeriean parties." 
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You can dcpoud upou gctUug good work Uoue by the principal cues, but may be 
dinppiMnted if 700 go to some of tiio feat important iBftnnractnrw*. 

ThOBO of yon, who Lave read my treatiM ou "The Designing of Ordinary Irou 
Highway Bridges," will uotico that some portions of the same are coi>icd veihadvi 
ioto this work: this needs uo apology, for highway and railroad bridges have many 
ibatnm m common. This faet irill aooonnfc for Uie two different stylca of Bpclling, 
trbioh yon will probably notice : mine ie the English method, hut my book having 
been printed in the Ujiitod Stiites was there trtiiislatoil into American : it would take 
snore time than it is worth to make all the correctiuiis needed for tiuiformity. 

The references to Chapters instead of pages has been a necessity, as this book 
i« not to be eleetrotyped. Any inoonvniienoe neulting therefrom oan bo aroided 
bj referring to the In lcx, which, ou tltis account has been made very complete. 

Before closing this cliupter I wish to acknowlcilgc with many thanks my in- 
debtedness to Theodore Cooper, Esq. C. E. for permission to use a part of his valuable 
i^eeifleatioos, and to my aaastanta Ueaen. T. Fnkada and Y. Nalcajima for aid in 
preparing platos iiud tahlns. Wilhont BIr. Nakajima's skilled assistauce I woald 
bave been unable to uuJerLilve such nn amount of labour as tho piL'pnnilion of this 
treatise has involve<l. Aoknowledgemcutti uf assistance from other engineers are 
made in varions places in the remaimng chapt«r8. 

With many apologiee for having detained yon 10 long upon &ii mtrodnotory 
latteri 

I am, gentlemen, 

very respectfully yonrs, 

h L, L. Waddall. 



Tokio. Jan. 1886. 
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lllulafgwptttcf the^taoontiunediAUiiflflliftpUt 1IM oMiiiMd tttoo^tlM 

courtGsy of Jas. Forrest, Esq, C. E, Secretary of tho Institution of Civil Enginoerg, 
Loudon, who very kindly complied with the author's request to collect for him books 
of seotioQs aai tabulated ditueuaious of all the bridge iron used in Great Britain. 
Mann Oini«gi« Bro«. and Go. of fittflbtirgh Fa. li*Te been m Idnd m to fiuruuh 
most of the remaining data. 

Although this collection of sections of briflgfo iron is not complete, yot it contaiiii 
the dimeosions of nearly all the Bcctions used in Great Britain and America* 

Owing to iva&t of dimonnoiui tiie shapM xolkd by tbe foUoiring BritiA tatam' 
fMtvran have not Leen Teeofdod; Ws.Wbitwell and Oo» Stobktou ou-Tees ; Jos. 
"WlntlDan and Son^, Perseverance Tronworlcs, Leeds ; Dormnn, Long and Co, Middles- 
bflOOf^ i and the Skerue Ironworks Company, Darlington ; but judging by the illostra- 
tittts in Mr. Edward Hntohtioii** ** Girdw^Maldag and tiio pnoliea of Bridge Baild« 
ing in Wrought boa " ons may ooadnde that thoM firms nil no ahapoa vary diffennl 
from those hero recorilccL 

In America there are other mauafactaiors than tiio three here given, bat tlieise 
three roll most of the bridge iron used in that country. 

Tbb lablM of MetioDB have been made aa oomplete ai the date at the author's 
disposal would allow, so if any mannfoctnrcr's produce hns been sUghted or that of 
any other reooived undue prominence, it is to be hoped that the author will ba 
pardoned. 
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Sections of Iron manufactured by C. C. Dunkerkley, 
& Co. Manchester. 
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llM. 


Ibh. 
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U 
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Rolls turned for new Sections. 
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Tbo author is unable to state whclbor Messrs Dunkerkley & Co. roll tee and 
angle irons or whether they make a specialty of channels and I beams. 
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Sectbna of iron sold by Measures, Bfoe. it Co.] 
Southwark St. Londoiu 
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Measures, Bros. & Co. roll also a number of angle and tee Um 
ftad dimanwooa of which are not giyen in their book <^ sections. 
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Sections ©f iron numufactured by Philip WUluims and SoqB| 
Wedneabory Oak Ironwoikai Tipton, Staffordshiie. 
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SECTIONS OF TEON ANT) STEEL, }h ,Hf<ictureil l>i 
N& FAMJIT SHAFT ASD AXLETRRR ( •:)., I.IMirKlV Wi'V>vr 'rTHY, 
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SectiouH & Sizes of lioUed Iron Mauufactured by the Sheltou 
Bar Inm.Ooiupany, Stoke cm Tr«tit, 8taffoid«hln and 
122, Gannon S^- London E.G. 
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Oapth is jMb«s. 


Wldtli of flange 1 

in ioehe*. 


Tbickuoss of Wob 

in inch<>r. 


Weight por foot 

in lbs. 


Mio. 


Max. 


Miu. 
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I 
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} X 1 


* 


* 
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h 
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* 


* 
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6 X a| 


A 


* 


8.5} 
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J X J 
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6 X J 
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10.78 


10.6 3 
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1 


1 
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9.9a 
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It 
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i 
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i 
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i 
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4 X »t 
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i 


16.86 


>'.45 


4 X J 






S.65 
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8 X 4i 


i 


I 
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4 X }J 




I 


8.9 r 
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9 X }4 




\ 
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U.9> 
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1 
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hi wmmvt to m letter concerning their limiting lengthi of MtttioiM, IfsMf*. 
.Oltnegio Hrofl. & Cn. wroU^ (is foIiowH on Mtir. SI si '81. 

*' W'c- Itave yonr card of tbe Utli February. £eums uud clmnnds can l>o rolled 
to 50» M mtd 70 feeA lengths, depoiidiug. aooMwlMt upon tlw Bis«, and IIm mim mi;^ 
1m leiil of Mglee and phitee* 

We roll iji plutes nothing excecdhig 86" in width. In this country beams and 
oiianuels are sold at 8 1 — 2 cts. per lb., on cnrs Pittsburg, for lengths not oxceediug 
80 Cuet. For lengtlis above this tliere ia an adiiitiouol charge of 1 — i cent per lb. 
for 5 feel or friiotion thereof. For export, however, m eonld wahre tin addi<- 
tioual charge for lengths -lO fci t ami nnder. 

Angles and i^lutes me hold nt 2 i 10 ets. i>er lb., ou oMTfl here, wiUi an addi* 
liooal charge as above fur !• ngUis over 50 feet." * 

Altboiq^ this oouipany do«a iiolroll platea wider than tliirty^nz inelMat ofh«r 
American compaoioa rdl litem aa wide as six feet or even wider. Booh plates wovld 
noi be longer than fiftoan feet and not over half an inok Uiiok. 

* Tb» ktcrt qmntatioiu (Mar. '86) are abooi I cent per pouad Jaw tkaa the abefvi. 




I 



CHAPTEJi III. 



LIST Oil' MEMBEliS. 



Ill llie following Mat of iucu)bei-8 will be fonnd Uie luuuua of all tlie parU both 
of wood ami iron in the briiigcs with vbkh tiiia trfltttiM dwtis. Its awt vill Im 
plaio^in a subaequout chapter. 

« 

List of the Differeut Memberu iu a Wrought Inm 
PfthU or Whipple Trua Bulroftd Bridge. 

■ AlH PORTIOHS. 



I Beami). 



Anglea. 



/Tup Chordi. 
fiftUer BnMM. ' 

Posts. 

Upper Laterfd bti-uts. 

Lowor L»to^«l Strate. 

Vppflc PorUl Strata. 

Lower Portrtl Struts. 

luteruediatfl btruts. 

Bottom Qiont Btrate. 

Iffip yartMalginPoDjlhinflfl. 

Siilo Brnees. 

Top Chords. 

Batter BCMM. 

Bottom Chord*. 

Intermcdiafe Htrnfs. 

£ud Lower liaterol Struts. 

Tnwk Stringers. 
/Top Gbord Btiilt Obftnuels. 

Batter Brnco Dailt ChaiUMb. 

Post Bnilt Channels. 

Side Braces. 

Floor BeMDS. 

Track Stringern. 
VGuard Bails. 



Tees. 



Flale. 



iriiili. 



Bonntls 

nnd 
Hqnures. 



jSiile Braees. 

rTtap. Chord Upper Plates. 

Bntfrr Br:»c"c Upper PIntes. 
Weba of Built ChauueU. 
Webs of Floor Bnmi. 
Webs of Traek Btiuigen* 
nanges of Floor Beams. 
VFlauges of Track Siriugers. 
ihm Diagonals. 
Hip Yertioeb. 
Chord Bars. 
Coautera. 
nip Vertieab. 
Upper Iiateral Bods. 
Lower Lateral Rods. 
Portal Vibration Bods. 
lutermedUte Vibratioii Boda, 



• WdgktfauliidadiathaturiW8jstemPNpsr. 
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DETAILS. 



Btey Plates. < 



/^op Chords. 
Batter BraoM. 
Ends of Posts. 
Middle of Posts, 
Upper Lateral SLmts. 
Lower Laterftl Btrnyu 
Upper Pbrtal Strate. 
Lower Portal Struts. 
lutermeiUato Strutfi. 
VBottoiii Chord Btrate. 

/Hip Liaide. 
Hip Outside. 

Top Chord lutermedinto Ptiuel Points Inside. 
Top Ciiord liitc irncdiiitti Piiik:1 PoiutB Outside. 
Pin Holes iu liulloiu CLord btiuta. 
Pill Holes in Shoes. 
Lower £iids ot Posts Inside. 
Lower Ends of Poata Ontiiide. 
rt' Inforeliif,' ^fiddle nf Posts at Pin Hoks. 

ami ) lititufuroing PlateB on Side Brncc». 
Connecting \ Intermediate Struts to Posts. 
Plates. Intennediate Struts to Brackets. 

Lower Portal Struts to Braokato. 
Upper Portal Sli nls to Name Plates. 
Side Briiciug to Floor Beams. 
Sido Briiciog to Chord Pins. 
Traok Stringers over Floor Beams. 
I Beam Track Stringers to Floor Beama. 
OetAgoual ConncL-tiii/i; Plates between fraek 
V stringers uud Floor Beams. 

i.over rwies. ii„tenii,,i„^tB p^^^i p^ts of Top Chowta. 



Filling 
Phites. 



Juw Plate.s. 



At Hips. 

.\t luterraodinte Panel Points of Top Chords. 

At Jnint.H in Buttom Chord Strats. 

Over ICn<l Floor Bcuius. 

Ijctwetn Pedestals and Lulerul Struts, 

'Upper Lateral Stmts. 



^Lower Ii!it«rftl Stmts 



Upper l^n-tul Struts. 
Lower Port4tl Struts. 
Intermediate Struts. 



Extension Pktes »t Upper Ends of Posts. 
Shoe or Pedestal Ftates. 

Roller Pinff s. 

Boil Plates at Pedestals. 

Hetl PlatcH for Tnick Siringerii uieludiug Anchor Plates. 
Ream Ilangor Plot«K. 
V^Name Plates, 
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or 
LMtng. 



Asssiiig. 



/Top GbOKdi. 



Bottom Cbonl Strati. 

Posts. 

Upper Lateral btrats. 
Ijoirar Lslanl Strati. 
Upper Fortftl Stmts. 
Lower Portal Struts. 
Intermediate Strati. 
VHip Y«rtiMli in Ptony 

)HIp Verticals in Pony 
Lower Chord Bars. 



Pina. 



< 



^Top Chordt. 
Bottom Ghordl. 

MiJ Jle of Posts. 

Upper Lateral Bod Connecliou to Jaws aud Hip Pius. 
Lower Lateral Bod Connection to Jaws. 
Upper Fbrtal Yibvatiatt Km. 
Lower Portal Vibration Pins. 
V Vibration Bod CounMtioa (o Lateral Strati. 



Bolto. 



/Naine Plati Bolti. 

Vibration Rod Councctit>n to Upper Lateral Stmtsi. 

Vibi-Htiun Bod Connect iuii to IntcrnMiliato Btrnla. 

Portal Struts to Batter Braces. 
. Bed Plates to Hers (Aodmr BoIIb). 
t SIMM to Bed Plates. 

Shims to Track Stringers. 

Tick to Shims rDrift Bolts). * 

Guard Bnila to Tie». ^ 
Vtinipoirary Beltinsid in Breetion. t 



Bradwti. 



Lower Portal Stmts to Batter Braees. 

Upper Lateral Struts to Posts. 

IntanMiBato Bbiiti to FobIs. 

Stringers to Hoot Beatai. 

Hoor Beams to Top ClumU in Deck Bridges. 



• WeiRht inclndfKl in tlmf of Pl.ior S.vntfm PMifwr. 
t W«'i)fht not U) Ih' in<^liuli><l in ilvnd Joart, 
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Oeoamaita! Work. 
Beam Hangent. 

K\l)!insioii Ttnltors. 
KoUer Fiiimes. 
Fillers for Pius. 

Tee Iron MUors over Kud Floor B«AmB. 

BIioo Pill Supporting Piocm. 

Tiun-biickloH. * 
Site ve- nuts. * 

Anglos for eidea of Roller Flntes. 

AuoUor ricccs fur siilcs of BoUor Fifties. 

Stringer Brrtciii'^,' Fr;imc^. 
Bails autl their Couiicctioiw, f 



Spikes. 
Wftshere. 

Nuts. 



Bivot Heads. < 



(Rails to Tii's. * 
jl'oot Planks to Tie-n. 1 

(On Sliini PolLs. 

''Ou Pius. 
I On Bolte. 

On Boam HaugerB. 

Lock Niils. 
.Pilot NuU. I 

/Upper Plat-cs to Chonl Chiiunelrf. 
Uppor Piatos to Battor ilroco Oiiauuela. 
Latticing and Lacing to CliaunclB. 

Latticing,' to Liitticing. 
TIio various Stay Plates to Cliannols. 
Tile various l!i iiiforcin;,' Plates lo Cliinmc l:> .I'o. 
Tlie VAi-ioos Couuccttag l'l»t«3 to tlio pai't.-> wliicli ilicy conitcct. 
Oover Plates to Cliaunols. 
I'Altu.-sion Plates to Chaiiucl!!. 
Upper Plates of Halter Braces to iilioe PLilcs. 
Batter Ilracu Connections to BUoo Platea. 
Trnssing to pnrta trussed. 
Ornamental Work Conucotion. 
Ih-ackots to the partes which Qioy eOttOCOt. 
Jaw Plates to htrnts 
Jaw Plates to Jaw Plates. 
Hide Braces to Top Cliortls. 

Irons to Roller Plates. 
Braein;^ Frames to Strin^rors. 
Track btringers to Floor Boam Coimocliiij Plates. 
VPoet Reinfoi-eing Pktes to Floor Beams. 



• W'ei;,'ht. in.-linL J in tliat i>f }l>'\ ,. 

t Weit'lit inchid^Hl in tluit of Floor Sjrstcm Trapct. 

X Weight not U> bo included in doiid load. 
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Components 
of Dalit BcftUfi. 



Couiponenls 
of niiilt 
Track ISU-iugors. 



Coinp<ai«nt8 
of BoU«a 
Traok Striagors 



/Wok. 
Top Plate. 

Bottom PIntc. 
Upper Flange Angles. 
Lower Flaugo Auglca. 
Stiffeuing Angles. 

Filling riatcs. 
Stringer Supports. 
\liivet Jleada. 

Uottom Plate. 

I'jtper Flango Angles. 
Low'Ci' Flango Augloa. 
Stiffoning Angles. 
FllilDg riat«s. 

(Viijiicrfing Tlates to Floor BoUUS. 

bpiico riat«s for Web. 

Splice Pktw for FUnges. 
VJUvet Heads. 
(I BGAm. 

Stifleninfj Angles at Support.^. 

Connecting Plates to Flour JUoauui. 
^BWet Heads. 



Bhime. 
Ties. 



LUKBER. 

Foot Plank. 



N. It. i'r/(n7* of floor l«\auis an<l built trnck stringora do not appear anions; Iho 

otlu-r dvUiik in tlio Ii«ti althougk tlio weba and fliuigu on^kw do Appear in list of Miam 
jwWinu, IWIb nod thoir ifilico platn do not appoar in the Uat^ but iboir wcigbt » 
indadod in fli«t «f tbe Wm Bj^t/em Fcqpcr ( bm Ch»pit«r V ). 



LIST OF MEMBERS IN A PLATE GIRDER SPAN. 



Webs. 
Top riatesi. 
Bottom Platei. 

Upper Flange Angles 
Lower Flinij^c Aii.";k:.-'. 
Vortical Stiflcuing Angles, 
laeliaed SUilouiug Angles. 
Fining Plates. 
Blioe Plates. 

Bed Plates vith Auoiior Plates. 



Anchor Bolts with their Nnts. 
Bracing Framos at euile. 
Diagonal Bracing Angles. 
Connecting Plates for soma. 
Bivct Hoiids. 
Tie Bolts. 
Bpiiicii for Bails. 
Qnard Bail Angles. 
Washers for Tie Bolts. . 
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CHAPTER IV. 



GENERAf, ItESCRiraON AND REMARKS. 

Tf ill the last chapter or any other part of tho book the rcailor oncouater t<?chni- 
cal terms with wbioli he is uot familiar, lio cau asccrtaiu their mcouiug by taruiug 
to the Ologmrr mA, if neeesuaj, oonBidting tho plateor plutea tiiere referred to : and 
hois fitronc'ly tulviscl thoron^bly ocqii&tat tiiinsotf intli tho moiwings of oil 010 
tonns ill the Usl of members bcforf* prnc(>ediug farther. 

The object of this chapter is to give u general description of tho bridges witli 
vhieh this trefttuo Aoali and an eipluiotion of haw the diffennt porta avo wttueoted. 
Ttut Soot ayatom propor o. tho diima,'tioBi, raila and guard nula with thev oon- 
naoUons) is dcscriljc;! in the next clmpter. 

There nrc 1>iit. foi-r stvlc,-: of liriil^rc rocomraoivlofl vi/. the plate girder for spans 
below sixty feet iu ItiUi^i-ii, iua pony truss from sixty to soveuty or eighty feet, tho 
aiaglo interaaetion or Fvott tmaa firom aovanfy or e^biy to one hundred aad oigUty 
feet aud tlie double intoraootion or liVhij^k tmaa from ono hundred and eighty to 
three Innnlrcd foot. 

The first stylo is so coniuou in Japan that but litile explanation is uecessaryi ft 
rafarenoo to Clato VII rendering olear the design. The special featnre of tho girder 
there represented h the molined atiffening angle which beara open the bed plate near 

its inner edge. Its object is to prevent a bcndiTi!?- of (lio ilaugo at thv t 1l:o of the ht il 
plate. Tiiat some such device as this is necessary tlic author was once couviuced by 
iuapeotiug some steel girders on the Atchison, Topcka aud BanbkFoB. B' * they had 
f>ent quite poreeptibly at the hearinga. 

The transverse bracing shown on Plato VII i« different from that of the present 
Japanese plate pirdrr hri'l'T". The l itier is snfllciei)tly stift' for mpsiii?; ?ip to nay 
twenty-five feet in length, but the diaguiuil bracing shown on that plate will bo 
found to give superior rigidity for rapidly passbg loada on longer epans. The peoy 
trnas of which some details are shown on Plate IX, is almost tho only style of bridge 
except the pinto ^^-irvli i- wliicli i'5 usdl in Jniitin. There is ci iiisiderablo diflcronce, 
however, between those nf tliiss uoimtry aud those hero recommended. The former 
are of the Watrcn tyiio having bottom ohorda bnilt in a trough shape of plates and 
angles, and tho diagonal atruts of two very wido ^e-haia trussed. There i» no 
lateral system or even sh\c Irncintr, and tho passing lorxrls pro luco hmfling in Uio 
lowor ohorda. Iho stylo heco recommeaded differs from the Uuoogh bridge which 
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will bo tlcscribcil presently, by only llic iibficncc of nppcr lateral braciug ami the 
ndililiou of siJo braces. Altlion- Ii the " General Spceilications " of Chap^ r VI 
provide fur scions liaviug Icsii tiiuu tivo pauoLs, Uio author do&b not r(Kkiiumcu«l tliclr 
use, «ven if a emaHH wing of urou b« aeoosipHBlwd t]i«r«by. Hm objootion to ihroe 
uv.d (unr panel truBses is tko nnsigbtly ftppoftnmce oavMd by tho flftt slope of tlM 
batter braces. 

The Pnl( or uugle intersection quadrangular trvus lias vertiuul iut<urmodiate 
posts, iuolinod toiiioii web inemberu, parallol ohords and tuoiiued end posta. Tli* 
dingooal ties extend over one pnnel only, and tiio lijp vertioab are tension nemben. 

The Whipple or ilouble iulersection quadrangular truss differs from the preced- 
ing only iu the diagonal tics which extend over two pancln and arc generally lialvcd 
and attached by pins to the middle of the poate, so tlut the assnmed length of Ibe 
latter as stmts may be rodneed to ono half tbdr real lengtb. 

It i-; lictti r atvl move rcrxnomical to build deck bridges with inclined cud posts 
than with vertical ones, IIjo track being carried over the piers by iron bents rcstujg 
thereon. It is hotter because Tiiili vertical cud posts there oou be uo etrcse in tbd 
«n<l panels of the botConi oliords, an nndesurabls stats of affiMrs wlisii Tibratioit and 
wind pressure arc considered. 

In tliis and hi all other cases where the floor system is niaJo contiunous over 
the piers of oouBocutivc epauii, expauiuou of the Hour system uiiut bo provided for ; 
othflirwise injorions tliennal siresses woold be indaoed. 

To all die styles of bridga ssoepl the plats girder the following oxplaaations will 
apply. 

Top chords arc composed of two channels having their wobs vertical with a plate 
rivotlcd ahove and latliciug or lacing below as shown ou Vh IX Figa. 1 and 7. Where 
two ohanncls and a half ineh plate do not glvo a soflleient sootiousl area to the ehord, 

an I !)• ..Ill of the same depth as Uie channels may be inserted between the latter as 
shown on PI. IX Ki;'. 2 or, if this does not pivc nfficient area, channels may bo built 
of plates and angles as in PI. IX, Fig. 9. ^V ilat is said of top chords appUcs also to 
batter braoss. 

Posts are composed of two channels with latticing or lacing on Moh sids^as in 

PI. n Fip?. 10 im l 11. When suiTicicnlly largo rolled channels arc not procurahlo 
it is bettor to buUc tiiem of pktos and angles rather than to use any oombiuatiou 
of I beams attd obanneb. 

lAtoral and portal strals are also eompoaod of two ohsonels laoed or latlioed as 

shown ou PI. I and in detail on Plates 11 and VJii. 

Intermediate struts for single track bridges are composed of single I beams with 
their webs horizontal (PL VIII, Ifigs. 2 and i), and those for double track bridges of 
two diaimels laeod or latticed. 

Bottom chords oonsist principally of eye bars, bat, as will be seen farfhsr on, 

they may have to i-esi&i i c itain amoimt of compression under exceptional circum- 
KfiUjcpp, 80 that iu most tasr., of siiifrlc tracl: IridgCb" there ia a strut of two laced 
ohuuuels lying holwocu the eye bars uud symuieiricully arranged in reiereucv to the 
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plauo of Uic truss, (sec PJato IX, Fig. 11). lu slioi t spans tUis alrut may be omiU- 
ed trosfling fhe iunw chord bA¥», as ihown on Plat« IX, Fig. 10. 

8ul<3 braces may bo moAo of angle or t«o iron, but preferably of cbanuol iron a« 
abowti on ri. IX, Figs. IG and 17. 

Floor bOftni^ anJ most truck sUiu^-eibawbuiltdf platti^ niirl an^M^i as shown on 
PlntiM III mid IV, but, wLcn tlio panel lougUi is shot t, 1 buaius can be advautagc- 
cmalf employed for tlio track stringers. 

Main diagonals arc always eye bars, and oonuterft are of sqnare or round seelion 
with loop ovcs nf the ends. 

Hip verticals luaj bo of round, gt^iiarc or Hat iroit: it in cn^iomary tu make tkcui 
narrower and tlueker tlian main diagonals or obord bars, pcrha[>s beoanse iron in 
sacii a shapo is stronger than when rolled into tbin bars, and uinch strength is 
i!Of-lcd in (bcse members to rr'M?t slioclc. Coiniltrs aro al\v;iys adjiislable, i. o. arc 
provided with au arrangement by which tlitiy luay be .s)i»rtt>ned or IcngtJiencd, but 
miun diagonals, ebord bars and lup verticals are of invariable length. 

Lateral and vibration rods are nearly always ronad, bnt tbwe is nopartienlar 
objection to niaking tlieni of S'lnaro iron : thoy are always adjustable. 

It is not considorod good jiracticc to vary tlic thickness of the top chord plal<3 
or to increase tho number of thickucssoa toward.s the middle of the ipau ; for tho 
proper plaoe for the larger part oF the material iu a top chord is in the channels and 
not in the plate. Similaiiy iu any channel the best place for tho larger part of the 
Din fe rial is iu thu flanges and not in the web, nevertheloM botU tbiok and tliin chan- 
nel wcbii arc necessary for tho same structure. 

Channels in strats generally have their flanges turned ootmurd, altbongb, 
theoretically, as far ns tho strength of the strut is concerned, it is bettw to turn 
lluni the other way, fir fhr inoniont of inertia of the section is greater; ii^'mtlnkss 
the diJhcuity of rivcttiug in a conOuod space more than equalizes the advantage thus 
gained* Bnt there are certain canes, for instance in bottom eluvd struts, in which 
it is better to torn the flanges inward notwithstanding the diffieidty in rivolting. 

It is not well to reduce to any extent the widths of tlio tlanijcs at the cuds of 
ttrnt charnicls, as tlierc^JV the glnt' is vrcakened ; but a slight trimmiug maybe 
cllcctcd, if the channels bo well rc-iulorced. 

Main diagonals, as will be demonstrated in Chapter XIII, should have tbo pro- 
portion of width to depth about ono to four, and thu chord bars that of Irom one to 
four to ono to seven, according to tho number of them in the panel. 

Top chords except for very short spans are niado up of lengths crjual to a panel 
length, BO there i« a joint in the oliamiels and plate near every panel point. This 
joint is placed three or four indies from the panel point aud towards the nearer cud 
of the span, in order that tho pin hole nn.y not bo bored throngli two abiittiiif; ends, 
R3 is unavoidable at tho hip joint. The abutting ends of each pair of dianni Is are 
connected by a splice plate or couucctiug pbilc on each side of the wab, maLuig four 
plates to an ordinary joint besides the cover phito which oonneels the abutting endii 
of tho chord plates. This detail is represented on PI. IX, Fi;^. 7. 

The oounectiou at the hip i& made by meaus of two plates on the outside of tho 
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ebord «k1 tm> on flio iiMide of the bfttter braoe, through all of trhioh the piu pmmm. 
Those on the chord abnt ngaiust plntcs rirotted (o the outside of tbc batter Lruco 

chaiiuds ; unci those ou the hnHfv brace iibut agniiist plates rivottetl to t!;o iusiLle of 
tbo chord chauuclM, all abiitliiig surfticcs being phiucil to tit exactly, so that, wbcu 
tbe piu is (Irivcu iuto place, the whol« joiul ia u» rigid m if it were rivelted, and the 
Iwttcr brace may be proportioneil as if fiieil at the hip. There ii obo a cover plate 
to protect the hip joint from tbc Avcathcr and to add eligUtly (O the rigiditj of the 
conneGtion. This detail ia iUustrated on TJ. IX, Fig, 4. 

The poebi are atlacUeil to the upper choid plus by cxtouiiiou plate^i rivetted to 
the ends of tbeur channds, which ends are planed so as to fit closely up to the 
flanges of tbo c]iyn<\ cnuniiLls. At tlicir lower ends tbc bottom chord pins pacs 
through boles in tbo Avcb« nf ii.e cbauu* Is, flu tculn s of which holes arc 
located from cnx to twelve iuches from the eud of the {^ont. The webs are rein- 
forced by plates on the lunde and onteide, which plates are turned np horizontally so 
that they can be rivetted to tlie floor beam, in order to resist any tendency that there 
may bo to twist tbo [>oil when the lateral rods are in action. These details arc 
given ou Tl. IX, Figs. 7 and 12 aud ou Ti. il, Figs. 9 and 10. 

The joiuts in tlic bottom chord struts occur near the panel points^ but becauflo 
these strata nsoally act in tension it is well to have as few joints as posaiUe and to 
make them extra btrong. 

Tlie channels can be obtained long enough to span two panels. Thoy will Imvo 
to be tiligUUy bent ut the middle bocaui>e of the combrc ; this cau bo readily douu by 
heating them. The connection ia made by a reinforcing plate on each side of tbo 
stmt, tbo plates being several inches deeper than tliu chanucls which they sphco. 
These aril n-.^} id i>ac3i iuiiilI i-'oint cvoii where there i-. no Joint, so as to 

reinforce the webs of the chanuois at the pin hole. Tliis detail is Uluiitratod ou PI. 



At the pedestal the batter brace channels bear evenly against (behorisonialshoe 

plate and are attached thereto by mcaus of n IkuI p] ;!o .shaped to fit aconralely 
inside the chaunel- and against tin inv' j l.itf. The batter Inn eo upper pJalc projects 
beyuud the chauuelii, and is turned up hornioutaliy ho aa to bear evenly against the 
shoe pkte, to vhidi it is rivetted. "When ebaas^ stmts are employed in the bottom 
chords, they connect on the shoe pins, and, if the latter be not snppovted, produce 
great In nding moments thereon. It is therefore necessary to provide au iutermcdinto 
bearuig for the «h<^f pin. Tliis- can he done very conveniently by using an I beam 
with the upper liaiigo removed, llio lower flange being rivetted to the connecting plate 
and shoe plate. This detail is shown on Fl. n Fig. IS and on Fl. IX, Fig. 18. Tho 
shoe plate at the fixed end of the span, if it bo largo enough to distribute tho pressure, 
rests directly ou the masonry wliicli fchould bo smootldy and acenratcly dressed at 
the bcai-iug. If nob large enough, it muHt rc«t upon a bedplate ot wrought iron to 
which it in to be firmly bolted, the bolt heads resting in cavities in the masonry as 
Bbowu on ri. IX, Fig. 1 I, 

Tbc bod plate, or if there be none, the shoo plate mtibl be fitmly anchored to tho 
uuMoury by bolta either bailt into the maaoury, in which coso. there arc waahcr 



IX, Fig. 11, aad on FL It, Fig. 10. 
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plates at Uicii' lower cudt!, or cU-ivcu into holes diillcil tiiccciu. In tUo latter civsc tlic 
«iida of ibo 1x>lts uo Bplit, wedgca inaerted in tbo dits, the bolts driven domt bard 
80 as to spread the ends; tUon molten Hulplim- is ponrcl into tlic holes. 

Expansion is provided for at tlio other peclctiliil iu short spans by a tongno on 
tbo uudcr side oS tha bUoQ plato iitUug into » groovtj in UiO upper side o{ the Led 
plate or by sveh an arrangement as tbat shoim on PL II, Fig. 16. In otber spona Ibe 
kIioo phito rests upon a nMt af turned rollers, hold iu a. liglit frame and resting on a 
planed roller plate, which Las' nii.ylo iron rivetted around its edges so ns to fuiin a 
shallow box : Um box iit arranged so as not to hold vrator. The bottom of the shoe 
plate 18 so planed down as to leave along its centre line parallel to the leogUi of 
the bridge a projeeting rib about two inobes wide and from an eigbtb to a quarter of 
nn inch deep, whicli fil^ loosely into notches turned on the rollers. A similar piio- 
jecling rib on the upper fiico of the roller plate also tits !i;»htly into the notches oti \h>->. 
rollers, effectually prcvuntiuy lateral motion of any maguitude. The rcftsou why the 
projeeting portion of the alioe pkte does not fit tightly into the notohes in the rollota 
io because, if it did so and if the roller plates were not laid more accurately than can 
generally bo done in practice, the end Lns ci lu'j r.il -trut might prove to be too long 
to enter the apace assigned to it, or not long enough to iiU it completely. Vortical 
motion is prevented by tnming OTwr Um top of tlw (mitr angle of the roller plate so as 
to almost touch the top oater edga of the dioo plate, ^eae pedestal details arc all 
illustrated on PI. II Fig. 12, and on PI. IX, Fig. 13. Shoe ^ arc sometimes made hiiif^ed 
80 as to make certain of there always being an even bcariii :'; upon the rollers, but most 
of the best bridge designers do not recognize the uocessity tor this reiiucmeut of cou- 
stmotion : its qm would eanse an inereaae in the motion required for the batter 
brace. 

In double intorscctioii lniili.'eti the long dia^'oiials; are halved and connected by 
pirn, passing through the middle of the posts, tiio channels of vthxah. are reinforced 
by platei at the pin holes to eompenaate for the metal ont away. These holes Bhoold 
be stotted in the direotion of the matD diagonals, in order that the extension of the 
latter may cause no doflcctlou of the post at the middle, but still pr rmit of figuring 
tlie post as of half length with both ends hinged. The extension of the uottutecs is 
not eo in^oriaat therefore the pin holee need not be slotted iu tlio direetiooi of thdr 
length. Centre posts, whidi are orossed by ooonters only, nearly always have a 
raperabuudance of strength, so their centre pin holes reqnire no slotting. 

Fillin g phfrs are used for lop chords where there are abullin:,' e!:;tr.nci- with 
wt'bs of uuecjuul thickness, in Hour beams and track stiiugcrs to hii tho spaces bet- 
ween stiffeners and webs, at pedestals to fill between the enter diord bar heads and 
the webs uf tlic hiiUav brace channels, and at first panel points of through bridges 
below the chord heads so as to make the floor beams at these places on the same 
level as that of tlio others. 

Lateral struts are couuectod to chord pins both in the upper and lower systems 
by jaws as shown on PI. vni Figs. 1, 2 and 4. Where bent eyes are employed for the 
lateral rods there an: tu-o nuts of different dlauR tcrs used for attaching the strut to 
the ohord put. The larger wnw to hold the jaw against the chord, and the smaller 
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to ro^t tho poll of the Istenl yodt; of tmxm Otoipn hM to be ihonldarad down, 

and it is evltleul tliat it should be inserted from Iho outbidc of the bridge. Jaw phiies 
ftro cither siuglo or double ; the former where A epcciul vertical inn is used for the 
lateral rod attaobment, tho kttcr where the rods are ooxmdototl to th« chord xiius by 
boil «gtB> ThAM bant «yM ara not oaad on rods axeeading osa a&d thzaa quarter 
iucbes iu diameter. T lie frmelion of the iuuer jaw plate is to roduco the pressure of 
the beat oj'cs npou the uufc on tho end of the chord piu, and to avoid tho oblique 
action of tho same. Tim obU^uc action ia uot so objcctiouablo iu the cose of Ught 
(oda paUmg againai wall pnportioined botta and nnta, aa in the «aaa of soma Tibm- 
tion rod attftchmeuts. 

Portal braces are counocted to the batter braces by largo short bolta through 
the medium of siuglc jaw plat03 aa shown on Ph YUI f iga. 3 and. G. When there arc 
TibvaAiott toda ai the portal the portal strat obannala are placed eioeely togethw tritb 
their icds parallel to the plane of the batter br.iccs, in which ca.so one bolt through 
each jaw is suQlcicut ; but, when there arc no vibration rods, tho portal strut cliau- 
ucls aro spread far apart with their jlanycK parallel to tho plane of the batter braces, 
in vbiehoaaelmboltatlttoQgbeadijaviriU be revoked. Portal vibnriSon roda ate 
attaehedto the atrato by pins as shown on PI. Fig. 8. 

End tipprr lateral rods, if small, may be* fit*erlif»^ to the hip pins by brnt cyp?, 
provided that the nuts for luiid pins bo well proportioned ; but, when they exceed one 
and tiiree quarter inohes in diameter, they are ooopled by split eyes to speeial Tertt* 
ealpins passing through {lie flattened ends of the bip pins as shown on PI. VIII Fig. 6. 

lutcrmcdiatc vibration rods aro attached to npper portal and intenuediate atrufa 
by bolts or pins aa on PL VIII Fij^s. 2 or 1. 

Intanaadinla atmta f«r aing^ trade bridge j are eonneoled to ib« poato bgr two bant 
platea at aaohMad aa ahom on £L Tin FigaS and 4; tboae for double traokbiidgM 
by jaws. 

Knee braces or brackets ore used to connect upper lateral, portal or intermediate 
atrnte to poata or batter braoea. Where no vertieal away bracbg ia nsed tlieae knee 
braoea are very important portiooa of tlic i>tructurc, and iiavo to be proportioood to 
resist calculated stress, but where &way bracing is employed their use is principally 
ornamental. Tltey can be made of either angle, ohounel or tee iron ; preferably the 
former: th^ ara net to be bt^M bat rivattad to tba porta wbieh Quag eouneet. Bide 
braoea are to be eomneeted to the top eborda and floor beama aa aUown on Fl. IX, 
Figa. IC and 17. 

There are two different floor sj-stems, to be described prcseully : in the hrst of 
these the lower lateral rods pass through the wooden shims ; and the lower lateral 
atrata between tlie endaof tbe trade atrisgwa; but in tlio aeeond both roda and 
struts pass through holes iu the weba Of the sttmgers. The flrat aystem is abown on 

PI. Ill the second on PI. IV. 

Floor beams aro hung from bottom chord pins by beam haugora, formed of 
aqaare ircm witb enlarged ends, which ia bent into tbe shape of tbe letter U. The 

ends of the hangers j ,i tl.> ^igh lioIc.'S iii a plate, culled a be;ua hanger plate, which 
acta aa a sort of stirrup fur the iioor beam. Kate on tbe ends of tbe bauigers are 
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turneJ so as to pre?? f!ir i]Mv bf ani nfyninst tI»o bottom of tlio post (or the filling 
pieco ftt tho first paucl poiut) aud arc pre vented from getting loose by lock unto. 
This •ttMhaeDt ii iUivlntfld on PL II, Fi^. 10. flowc Imbidb in dsok btidgm abovlA 
M8i opon the top obftrjhi* dirwify ovev die posts : tMr lower flangM dioold b« 

rivolted to the chortl plntc, anil brHckets of ungk or cl:<\nnel iron shonlil bo used to 
pravent injury from tiia rucking olibct of pu^^iug trainn. Tim detail is sliowu ou 
PI. IX, Fig. 15. It ifl not legitimato to use saeli floor heam as nppor lateral skots, 
although they nndonbtedljr aid (b« vppn latoral qmt«ni. 

The two floor Bystonis referred to a few lines back arc for these two Cftses viz., 
where tUoro arc wooden shiiuu resting on tlio track stringers and where tlicro are 
not. Tlie former is employed whou tho &ttess in the eud lateral rod is aot 8uffioiont 
lo neoesatafo the om of dooble rode, and the latter in all other eaaes, thp reaaon 
being that four rods pai^sliig tlirougli a sliim would cut it up tOO mucb, besidofl 
making it incouTcnieut to go' tlso r<! ^: nji l ' liinis- ii *r> plurp. 

Iii the first case the track stringors rest ou ©huives ot angle ii'ou supported by 
abort Btiffeniog angles, nud are abo attached by bent plates tiTetted to tho veba of 
botit beama and stringers. To obtaiu greater stiffness, plate.s of (he fulJ width of tho 
top Jiauges may be run through the latenil struts and rivotlcd to the flaugcs of 
atljaceut atria^ocB, but theao ace not ab^olaloiy uccti&tuury and may be omittod, ii m 
derired. This stylo of flonr system is «hoim on PL m. 

In the second case the strkgers pass over the floor beams, which are a few 
inches lower than in tho other case, and arc made continuous from end to cud of 
Hpau by meaua of sphcc platci- on both weba and ilangoii. Heavy fitiHeuero nro 
placed beiMath the points of snpport of the atringera to avoid all tondflooy to buckle 
tho wob of the beftm* Additional topport mA xigidify aro givou to the ocHuieolioa by 
brackets extending from the bottom of the beam to the bottom of the atrlngen. 
This method is illustrated ou PI. IV. 

All built track stiiugors have stiffening frames lying iu pbmes transverse to their 
length and spaced from seren to ten fset apart. Mane are nqmead at the endsi 
whoa the sti iii:;i rs abut against tho floor beams, but there is one near each end 
when tho stringers rest thcreou. Extra atitf frames aro required at the cuds of 
stringera which rest upon the piers or abutments. Bed platca witli grooves or some 
simihur anangement are to bo nsod for the stringers where they bear npon masonry, 
and are anchored to t^ame iu a manner similar to that described for the caso of 
pedestal bed phites. Similar bed plates aro Uised at one end of plate girder spans. 
Lock uuta arc used ou all adjustable membaa : any style that Miill act cfllcieutly may 
b« employodf but those illnatrated on PL U Pigs, ff, Q and 10 are quite simple and 
effectivo. 

Ornamental work can be placed at tiic brackets ou the portals, at the intersec- 
tion of the portal vibration rods, above the upper portal struts, and even ou inter- 
mediate braoketfl. A small araonnt of ommentnl work will go a long way in 
an iron bridge. 

In floor btnin-, track stringers and p)a!i fu In , it i ' better to concentrate as 
mtioh of the soctionularea of tho llaugos into tho angles and to \m plaUw spturin^ly, 
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ill spile of au api)arcut economy iu employing Ihe latkir; for the inm aeto more 
effietently wImu {h« ^beuau UierMn ue not trttumittod (o too niMiy ptftB. 

Augle stiffeucfs for these members are preferable to tees or cUaimcla : they 
sLouM bo made flush wiUi the vertical legs of the flan^je angles by filling pbtes. 
instead of being bent around the ilaugee, and at the same place there tihoold always 
be one on etwii ride of the web. 

In making turn buckles, a Uttlo expense can be wed by having only oneadjnst- 
iug-en'.l ; (lie oUicr luxving n hole, tliioui^h wLich passes one end of the rod, which is 
enlarged into a head. One advantage of this style is, that the turn buckle can never 
be lost from the rod. Such u turn bttoklo ahoold elireye be iiwd on portal nbcatioit 
rodf , for » rcMon thai will be giveD in Cbejpter XXIL 
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CHAPTEB V. 



i'UlOU SlSTEil rUOPEll, ttE-BAlLLSO k Wl'CUIXO Ari'ARATUS. 

The floor system proper, or tho armngeraont of ties ftiid pnnrd vails, here 
rf^commondod is not Uio (ui(> in cnmnion use in Aiuorioa, l>ut in a motlific;iti>>n of 
that iJfoposed by \V. llowiinl White, Esq. C.E., in tho TmiiMrlioHt of the American 

Nov. '88, the changes being tho rabstUntiou of angle 
iroai for the wooden gnard raik, tho shortettwg of tbe ties, Uto dimmntion of tlie 
spRces between (lu in, ami the providing of a place of snfoty for anyone who may be 
Ui>on the bridge when a truin is prissing. The nsnal American tloor sjBtem is much 
he&vier than the cue proposeil by Mr. White, and couscqucutly is not only more 
eofltly in itwlf, but bj inoreMing tbe M load of fl» bridge neeenltatee the tiae of 
more iron for tho trn»8«e. For short spans thin might be considered !\ilvaiitn«»eon9, 
in flmt it fomis to los^cn vjhrnti.ni, but for lonp; spnns it is dpridwlly tho contrary. 
Tlie employment of long ties and outside guard rails necessitates Uio use of two 
extra stringerB to stulain a portion of the live load in eoie of derailment* beeonae 
the guard rails being higher than the rails moat be placed at such a distance outside 
of tlie latter, in order to permit of the passage of siiow-plotiKh!', that the onaidcd 
tics would not be strong enough to uphold a derailed locomotiTC. 

Beeanee of tho flanges ou Uic wheels au inner guard rail of the eaflM height ae 
ihe raa i« felly as elBeient aa an enter guard rail two hichei higher, and has the 
advantage Uiat it may be placed close to the rail, thtta preventing exeosetvo lateral 
niovomcnt of n derailed pftrri!ip:o or locomotive. 

The floor system recommended by the author is illustrated ou Plates III and 
IV. Host of the ties are of r X 8* X <f oak, laid on their flats, and spaced not more 
than twelve inches centre to centre, thos leaving an opening of no more than four 
inches, which will not eanse c\cp^''ivc jolting of derailed wheils. Every sixth or 
soveulh tie in singlo track biidges is twelve feet long, so as to support at each end a 
8* X 12" pine plank, extending from end io end of bridge^ in order to afford a place 
of refbge from passing trams. Each foot plank is to he spiked to each long tie by 
two 7" cut spikes. 

In double track bridges tho long ties are to be twenty- two feet in length, oxtond- 
iog clear across tho bridge, and supporting a run of phink at each end and anotlter 
at the middle. The latter serves merdy as a steppmg place to pass from ono traeic 
to the other, the outer runs only bemg intended for places of safety. 
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Vfhm voadmi skims ate nnoH, ss in Flsto III, tho tics nt tlio p<\nct poiuU sro 
uuule of?*' X 14" X C timber so as to span tlic opouingloft between tho ends of Uio 

btiiiigors for the jias.-uifTO of tho lower hiffral stiut.s. 'J he tics mc <]i»i)i)0il about nii inrli 
onto the shiiu^, whicli arc gciicnill_vof 7" X y 'oak, innlurc cc)niicct<.il thereto by drift 
bulls of three <iuiuter hicU square irou tlrivcu iuto three (quarter iuch roaucl holes, 
borod obliqaely throngli both ties and slums. Tbo bolts are provided vith square 
lieailrt, so that they may be withdrawn by a claw bar, when the timber is to be 
roplacoil. Tho wnolm shims are useful in nft'or.liiijj aji easy means of attachin;; 
tho ttc» to the stiui^^crs, hosiJe^ adding bomowhat to the titrcugth and etofluotis of 
the latter,'— enoogfa ia any easo to eompensato for tbo loss of strength caused by 
tbo holes for the attaching bolts. Th- ht- i should be si ij^gored ami spaced about 
two foet apart, but there should be no bolt placed nearer than two ftet to the middle 
of tho panel, where tho bouding moiueut ou tho stringer is ut a maximum. 
These bolts aro to bo i" in diameter, and the holes tIuou;^h whieh they imm { f ia 
iron and 1" in irood. 

The guard rails aro of 5" v I" x Is" aiiylc irou, each WLighiug H i" per lineal 
foot, tho live iuch leg bt-iug vertical, md tlic fmr inch log perforated for the 
passage of tho i" bolts which attach it to aitc mate tics. 

The distance between the inner faee of tho head of the rail and the outer face 
of tho guard rail is six inches. 

T ) av. id pliiting the wood a small holo skoald be bored wheneTer a track 
spike is to bo driven. 

When slunks aro not used, the ties are attached directly to tho stringers by bolts. 

By glancing over the bills of iron and lumber in Chapter XVIII and ehombg 
those weights which belong to tho floor .Hystcm proper, tiio weight of iron per lineal 
foot of span in this portion of the briJgo will bo found to be 37 pounds and tho 
woight of lumber per hucal foot Ido pounds. When tdiims are not astnl tbo weight 
of iron is almost ajiehangcd, but the troight of lumber is roduced about 40 pounds 
per lineal foot- 
plate Y il'nstratcs a re-railing device to bo placed at each end of a bridge. By 
its use any car or locomotive which is oil the track, <it a dixtamt not fjic(tttr than 
half tUtgauije, will be returned thereto before coming upon the bridge. This iugeuious 
device is the design of R. MeCIure, C. E. Es^. use larger letter, Chief Engineer of the 
Chicago, Burluigton and Qiiiucy 1{. 1!. system, to 'whose kiiulnoss the author is indebted 
for tho drawings fi-om whicli I^bitc V was prepared. Tiic autlior has bcfn obliged (o 
introduce several uuimportant moililicutious to otlapt it to tho change of gauge and 
to the peculiar guard ridl employed. 

It consists essentially of an ordinary frog point placed midway between the 
rails at a short distance from tho end of the bridge, from which pfint diver^'o two 
ordinary i-ails produced until their centrelines approach the centre lines of the track 
rails within about a foot. The ends of the former rails rest ou au extra wide tie, 
and between each of them and tlic nearest tmeii rail ia a \" plato resting on two 
ties and haviuj^' tho end 1 ■ ul 1 wn. This plate joins onto a \" X (>" angle iron 
with the four ineh leg vertical, and eat and bent as shown on the drawing, the outer 
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veriienl fnco bciiig made continnons w itli tho outer faoc of the rail head. Tlie anglo 
iron ftnd a portion of ilio pinto rest upon nutl are atlaolMHl to a 6" x 0" oak timber 
laiil on it« flat, dapped nml wcW spikoil to (ho tics, and having tlio ond bevelled 
off so as to make ttic plate ami Mi'^h in'u f. rn; fui inc-Iinc 1 plane. Tlio ntlicr cthI 
is also bevtiUed ofi', but more suddenly. Tho vortical legs of the angle irons are ho 
trimmod as to havo tbeir iipp«r «dgee borizouUiI« and tlia oilier Icga so tiiat ibey 
trill not approaob too eloeely to tbe traek raiUr. Tbo outer iiaees of tbo Tortieal legs 
npproacli tbo inner fucos of tho track rail heatls till the ilistauco between thorn in 
two ami a Imlf inches, then run parallel thereto for a short distaiicc niul ft'j;aia 
diverge. The greajest elevation of the upper ftwjo of tbo six inch iug of the angle 
iron is tbreo quarters of an iueb lees tban tliat of the traek vails. 

On tbe outvsiilc of oocb track roil and close up to its lower ilauge is a )" plato 
rcstuig upon an oak timber J ilc<?P i^"'! of varying width : tho width of the plate 
also varies. The timber is bevelled off at ouo end so as to form an inclined plane 
leading up to a level surfaice of the same boigbt m that of tbe rails. Tbo outer 
plate begins a fbw feet fnrtber from the bridge tbat does tbe innat one, and ila rise 
is greater atid nj ic r:ii 11, ilras giving tbo derailed carriage or locomotive a cant 
towards tlio track, which with its momcnlnm helps to throw it back on the rails. 

Tbe modus ojieiaiidi is ait follows : a derailed car, for iustance, approaches Uio 
bridge, and the wbeels vbidi are between the rails strike either tbe frog pdnt or 
one of tbe diverging rails. These direct the wbioels unto the inclined planes np 
which they mount and upon wliieh they are conducted by the vcrtienl Ic^'^ of tbe 
angle towai'ds the track, approaching it so closely tbat tbe outer portion of tbeir 
peripherics will vest upon tbo ruib as soon as tbo angle iron begins to desoend. 
Tbe space betvreen the outer ptate and tbe head of the rail is so small Out tho 
flange of the wheel bas no chance to enter it, so that tbe ear cannot but regain its 
place upon the mils. 

Mr. McCluro bas experimented upon this apparatus with perfect snccess, bat 
has not yet adopted it on bis roads; bennse it uifringos upon a safety switdi dsviee 
already patented. 

But as American patent laws do not extend ah far as Japan, tfaete MSns to 
bo no objection to tho mc of the appnr.ntns on .Japnnese roads. 

It is possible though not px-obuble tbat a ear may jump tbe track when on tbo 
bridge, to provide for \rbicb ease tbe author bas adapted the ^pparatUB so as to 
ro-rail suob a ear : this portion of the design nay, however, be omitted witbont in- 
curring any pofsiLility of injury to tbe biidt^'P. 

There is suii one case iu which a derailed locomotive might injure a bridge 
even with this appUanee in use; tbat is, when tbe wheda ace more than balf tbe 
width of tbe gauge out of line. There is nothing to be dome in sndi a eaae ezeept 
to ditch the train at the nearest comparatively safe place to tbe bridge. Tins can 
bo douo very easily by lljo nrp u-.^di ; shown on Plato VI, a design of the author s, 
which is probably also an infringi ment on one or more American patents. I(s 
action is very simple : one of a pair of diverging angle iron^ begmniiig at a distaneo 
from the traek raib equal to half the gauge, eatchea the wheel flanges on one side 
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of tho derailed Tehiole and throTfl it olear of tlio track. The inclined planes on the 
tiiMd« of Um tnwk enable the other wheels to jump the reile. 

Stififening angles, with the vertical logs torned down eo as to offer no obetraotioii 
to passing; wheels, are used wLcro there exists the greatest tendeney to tear np the 
dellectiiig angles. They are to bo well spiked to the ties. 

Plates Y fuid VI are not intended to be complete drawings in respect to detail* 
for the e^OttR, fidi pktes 1m. ere omiited* These detoib we, however, not easentiel 
to ft titocoagh nnderstanding of the devioes iUiulratccl. 

From the clitching to the re-railin^r appnrfttns tlioro slioakl bo n rail midway 
between the track rails to prevent any derailed vehicle, which passes tiic ditching 
apparatns, from diverging more Uum half the widUi of the gauge before readung 
the frog point of the re-railing appoMtiiB. 

By tibe use of this oomlMBatioii perfecjjt safety from denulmeut is insured to a 
bridge. 
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CHAPTEB VI. 



GEKEBAL SPECIFICATIONS, 



uoring Umt. The moring load for eacli track is to cousist of two engines, 

whoso wd^te MM diitribntion of mum im ^^vmiui ttw 

iog flifiipffnii 

h 




12.6 
tons 



12.6 
tons 



ib]]ov«d by ft train of mm vAum mights per lineal Coot of traok 
■re to be talun Im Am ioiloiiiiig tule 





Un ImA rm UbmI hot 




lioo pounds. 


Wttn t» vxf 


use ^ 


$, ixxf to 250* 


itoo „ 


« 15c/ 1» yxf 


loso w 



To simplify oftloolation spans from twelve (12) to sixty (60) 
tBok may be eakolaled for the onifonnly distribaW loads given in 

the following table 



Span. 


TTalf. Lead. 


9pa, 


VaU. LodL 


ta' to 18' 


4900 ponads. 


jj' and J4' 


3400 poondi. 


ly Mid so' 


4100 H 


J5' « J6' 


)|00 0 


»!' t» m' 


4000 M 


J?'. « 


)90D M 


9}' ^ 44' 




)9'»4o'aBd4i' 




«S' •* 96 


}8oo » 


4a', 4J' « 44' 


}000 , 




jToo «, 


1 4$'.4«' » 47' 


9900 


;i ; ■' 




48', 49' ^ scf 


aloo „ 


}•* 0 




1 SI' to ter 


*jeo 0 
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The live load stressor in floor boftius ami track striugers and 
iu :dl iilatr! fir;l(>i ;^ not oxcootliii^' twoiity-fivc (25) foct ill lcuj,'th ftro 
to be iiicrcuscd by twcuty-iive (25.) pei- ceut., iu order tu provide for 
shock* 

Fot the same rmaaa the ttreBaes iu plafo i^deia of aud ex- 
ceeding twenty fivt r-irj) feet in length are to he increased by the 
perceutAges given iu the following table 



Span. 




Si>ai). 


Pcrceiibiiit;. 


<5'«B<t 96' 




if •ad'jr 


It 


^7' .. 58' 




>9', 4 *n<l4r 


16 


19' » ^o' 




1 4»,4J' * 44' 


«4 


if „ 




45', 46' „ 47' 


11 




to 


4«'.4»' 50' 


lo 


35' }(>' 


" 1 


5i'ti>6D' 


< 



The dead load is to iutlude the weiylit of all llio iron and wood 
in the struelttre, excepting those portions restiag directly on the 
Abaimenta, koA irboss weights do not affeek the stresMS in Uio 

tmsscs. 

Oak lumber is assumed to weigh fonr and a third (li^) and 
pine two and « half (2| ) pounds p«r foot boiod nuaanre. Shotdd, 
in any bridge of or below two hundred (200) feet spant the ealonlated 

tleii T load differ more than seven (7) per cent., or in any bridge 
above two hundred (200) feet span more than fonr (-[) in r cent, 
from that assumed, the calculations of stresses &c. are tu he mudo 
over with a new aeenmed dead load. 
WJad DcMiR. The wind pressure is to be divided into two parts, one a moving 

load of two hundred ami forty ('210) poiiii>b per lineal foot and the 
other a iixcd load of thirty (jdO) pounds per si]uare foot of cxpoticd 
bridge Btirfaeo. The laiter ia to be determined by addmg together 
the area of the devation of the floor syet^u), fignrod by maltiplyhig 
tho vertical distance from the fop of the rail to the bottom of the 
track stringer by the length of tho span, and twice the area of the 
vertical projcctJou of one (ruijs. 

Truflses of less iliau (wo hundred (200) feet span are also to be 
proportioned for a pressure of fifty ('0) p ands per square foot 
when unloadcti, tl;ii-f; uf from two hundred (200) to two ImiuliLd 
and fifty (250) feet ior forty-live pouudd per u^mxQ foot, and 
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tbosfi of two hnndml mul fifty (25f») io tlii-po btindrod (300) fe«t for 
forty (10) pomuls per siiuaro fool. The aic.i subjcclcil to wiml 
pressure is to bo figuica as just tlescribod ; and the greater stress 
by either inotboil of cuiuputuUou itt to bo nsed iu doteriumuig tiio 
aeetiouol aroA of tlio bracing. 

lu through bridges nnd pony Irnsscs the wind pre i.i u tla- 
troiu id to be assumed as taken up by the loirer l&terol syfttcu), aiul 
iu fleck bridges by tlio nppcr bUovftI system. The wintl pressure on 
tlicbriilgc its. If is tu Ic iltvided belwi (Ml tlio ni'pcr luid Inwfr systems 
according to the proportion of tohU are;v above iiud bolow iho 
middle borisoutal pl«u« of the slrQctnre. 

aiMMMaMtoOarr- When ji bJnictiirc is upon a ciirV4l UiO fltreases iu chords and 
lateral KYsteus uid iu tlie eud trausveme sway broeiug of deck 
bridges «fne to the eeutrifn<»a) force of the lienviesli RBramed train 

juoviii-: ill !i vilocily cifsixty iIjO'i miles per hour arc lo be provided 
for. 'i liese Blressca arc tu be cousideretl of great iinporti^ucv as 
any ofber stress iu tbe membesa affected thereby. 

a^tMMmr, In all tlwongh bridges nnd pony trusses tlio clear distance 

between uearext members of trusses ^iniU bo at leant twelve (I '2) 
feet sis (Q) inebes for single track bridges and Iveuty'two (22) fi ot 
for donblo track briilgos. 

"Wlirn s^iK'li a sinictnrr is upon ft curvf , tho-r miiiiiiinm widths 
arc to be iuciuuhcil by the product of the radius and tiie veraed !>ino 
of one half the are' of the curve which is tsubteuded the span, 
plus seveu (7) times tUe sajjor-elcvatiou of tbe outer ml above tbe 
centre line of the track. 

]>Biidi4S»Mi> The length of span ia to be nnderatood as the disianoc between 

ccntrr of cud ynu-. T r trtibscs and between ceulros of beorblg plalCS 

lor nil rolled l^cam and plalo girder spuiis. 

t*f^. ' ^y.^. The grculcst lengths of span for the different clear roadways 
iiM«im^ lUre to be taken from the following table 



Cbur BoailwDy. 


Groatcat Iicaglh of HfiMi. 


11.$' 


75' 


ItJOf 


110' 


>-;-5' 


'50' 


14.0' 






410' 


t$JBf 






470" 
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OMrlMmv-* T!iC' cloftr licTlway or vortical tlistaiicn between tlio nuper siir- 

face of the xaiU nud tlio lovcst pai-fc of tlto overhead bracing shall 
bo at loasi Urdva (IS) foot m (6) iuelMM. 
"' .^J^^'^ ^ Spans below flilbeett feet ai'« to oonsisi of rolled beans ; spans 

hclweeu fiftc'eu(15)rtml sixty (00) fcjt of livelU 1 I'l.ito giidois ; spans 

between Kixty (C(J) luid .seventy ( 7(J) or eighty (80) feot of pony 

truss>c^ or Jcck brulycs, and spans above seventy (70) or eighty 

(RO) feet of tUrouffti or deck truss bridges. 
i^^^bmiMm ft The gteatsst allowable depth. nienAnroJ from centre to centre 

of chords, for pnity ti'UHses is uiiio (!») feet. 
*^Kitim BMcn '«< "^^^ ^^^^ aliowiiblo blopc foi Ij.ittcr braces oi pouy ti-usses is to 

vnmrtimmm. ]}q (g) horiseoiital to one (I) vcrtieat. 
t^iitiiiK i««Rtb «t The least ull "u ible Icn<'tb8 of snan for donblo intersection 
i*r«ciira aridire.>. trusses arc om: liiiii hc t uud seventy (17U) feet for singlo track 

bridges und one hundred and fifty (li>0) foet for double track 

bridges. 

su( jkHM. The least allowable batter for side braees in pony trasses is fire 

(5) inches to the foot ; and all side braces arc to be made to resist 
both tension and compres.sion. In no case ia a side brace to have 
lens slreugth than thai of a 3" x 3" — 7* angle iron. All pouy 
trusses are to be provided with side braces. 
luMMssiMaotSto No round rods less than o:!0 (1) inch in diameter nor square 
ones less tij.m seven cigths ( ,', ) i'l^ iuch on u side are fn Ijc iiseil : 
uo bars less than ilve eigths (g j of an inch thick for diagouaLt, no 
laigc plates less than five sixteenths (|*g) of an ineh thirk, nor, 
except for filling plates, any iron less than a quarter of an inch in 
tliickness anywlierc in i\ briil^'c. The least allownMo dt pths for 
channels are fom* (4) inclies for lateral systems, five (6) inches fm- i)o??ts 
in pony trusses and six (6) inches for posts in trusses of through 
and dedc bridges. 

WMuv ti The unsupported width of any plate subjeoted (o oompression 

iiitift never exceed thirty (J?0) tliues its thicLnoss. 
Ltoaai ng8»i< M(>t ly The least allowable sizes of upper lateral roda arc those given 
m Table 3011. 

All spans shall be provided with some means of expanding and 

contracting longitudinally with a variation in temperature of ono 
liuiKlred and fifty (ICO) degrecsFahr. aginust also the track stringers 
where they rest upon tiie piers or abutmcuhi. 

Spans of 0T» sevenfy-five (75) feet in IcdglA are to haveftt 
one end two nesta of turned wrought iron friction rollers ronning 
between planed surfisefla. 

One end of every span must bo firmly nnchorod to llip 
masonry, and the other end must be so attached thereto as to 
prevent vertieal and lateral sad permit of longitodiiMl motion. 
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Ai Meh bAMeidg Uiero ai-d to be four anekor bolts firmly at- 
tached to th*» masonry, the difinif tins hnng not less tban seven 
etgbtfl (i) of iuck for pltite girders, ouc (1) iucb for pouy tcosees 
md one and a quarter (I |) incb«B for tbrongli and desk bridges. 

Except in the oaae of swing bridges couMcnliTe apani OM nok unaUMOM agiuk 
to be mode coutinuons oror tlic: juj'mts of hUinwrf. 

Tbe oambres for bridges of the different spaua are to be taken ctutm. 
flnu tiM fdknring taUc. TIm eaubre* of tb« vaila may bo ndiieed 
to two ibirdB of llieae amoiinls by varying tbe d«ptbs of llia dapa in 
tbe tiaa. 
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In all deck bridges and in all throngb bridges, where tbe depth v«fiM smr 9n»- 
from centre to centre of chords is twontj^foor (21} feet or over, 
vertioat away bradng is fo be naed. It ia to be pvoportioned to 
resist the streujsed produced by flu wind preasiiro ; and, in doable 
track bridges, also tlioso produceil by the greatest inc<innlity of [lanfl 
loading. In deck bridges where the track is on a curve, tlie vor- 
fieal away bcaeuig ia to be praportfonad to reaiifc die atreaaea doe to 
eentrifiig.tl force. 

Poititl and Intfiixl struts subjected to bending innst first Lc pcthi hm JmtnU 
pru^tortioued for direct akrcssea due to both wind pre^^suru and tbo iiadiDK"**'*'"" 
ioiyal tenrions <n the toda meeting at tbe end of the atmt, and 
thou to their sections ranst be added snfKciont area to resist tlie 
bendincr, the inteasi^ of working bending streM being taken equal 
to six \ tons. 

IliB eftetot wind pneaore on ports and batter braaea of double *fti,*VJf'^Mn 

track bridges need not bo considered ; nor need it bo con»idcrcd in 9mm, 
uugla track bridges, unless tbe section wbiob it calls for exceed fifty 
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(50) per ccut of that iiecilo«l to resist the live oud Ueod Ioh«1 «treBscs; 
the inteuiiity of working bending streee hemg taken m five (i) toM» 
uiul tlmt Tor the Irnusfcrred ]<)a«l stross as given til Xablc^VIII. 
Ill f i^c the area required to i LJ-ist t!ic wind Rlrosses oxcocd fifty 
(50) per ceut of that required to tcsiat the Hrc and dead load 
»treefleij the iotet Motion is to be obtained by adding to the former 
uvA one hftlf (i) tlie latter srea. 

«»"*o^ra '^^'^ t'ffect of wind preBSttreon bottom chord tension iu double 
ft ick bridges need imt bp bnt in f-inj^lo track fhrotif^h 

briilgc^i the bottom chonls arc to be proportioned hrst for the sum 
<rf the live tmA dead loml etrasoee with aa intensity of five (6) tone, 
then for the i>uui of the live load, dead load Irausfered loiul and 
wind slrc^srs with an iutcubily of seven and a Imlf (7 i) tons. If 
Uicrc be Htrcsses duo to centrifugal force the arca« fuaud as juat 
deeeilhed are to be' increased by amounts aoifioiflnt to rOeist the 
lost named stresaee nring on intenelty of working stress of five (6) 



In case of single (raclv deck liridges tlio nppcr ehorils nrc to be 
proportioned to reniHt tlic whole of Uio Hto and dead load 8tre$sc.«i, 
or six tenths (/^) of same phu the wmd stresses minus the trans- 
fered loeA stresses whiohever of these two qiumtities be the greater. 
If there be strcases due to centrifngai force, they are to be added to 
Uic- greater of tlie two quaiitittCR nircady found. The intensity to 
be Used is given in Table Vlii. Wind pressure on top chords 
of throagh bridges need never be eraisidered. 

It in only the outer bottom chords of Uirough and iway trass 
bridges and the inner top eliords of deck bridges, in respect to the 
curve, that need to have their areas iacrea«ed to resist the stresses 
produced by ceutiifugal foroo. 

To allow for the stresses caused in adjastable main members 

by the screwhig up of the tarn Inickles or sluevo mta, the stress in 
eiicli :,nc1i nKiubcr is to be ittoroased by the amonnt giveu in the 
following table 
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Square or flal bftrs Me to reoetre tii* alknranM tot ttmoA rods 
of equal eeetional mma. 

Lateral strnts are Al«*ft}''8 to bo AttAcbed to the chord pins* ceoHettM m ^ 
Lateral rods arc also to l>c attachr 1 tn flio chord pins by bent 
ejes when the larger rod at the connection does not exceed one aud 
ttree qurtor (If) inohea ia diameter. la otheir eaaea Quif ara to 
be connected to special TWtioal pins p issing thrOV^java ou the 
latorat atrole. £loor beams afo not lobe aaed in any eaao as lateral 
atrnta. 

In figuring the atHoa ia a kirer latwal airat at tlia rdlleff end atnuntava^mmtt 
of a B|ian, the atraai oanoed bgr tlw total wind pressnro on liolh 

upper and lower laiprnl "^ysfpni*? is tn bp added to the trnnsvprse 
eomponent of the iuitiol teiuiou iu tbo end lateral rod or rod« atta- 
ehod fo fhe irinSwatd Mod of fba afarot, and from (ha aam ie to tw 
anbtnoladom fivarlb (}) of the redaoed pmBoie npon the irindward 
ahoe. 

Tlie CAlcnlations arc to be mado for the CAse of the bridge 
covered by the nioving load and for that oi the bridge empty, the 
gvoater of the raanltiag elMoaea being adopted. 

In any panel of a bridga where the compression on the bottom stu 
chord due to the wind prc5?snro vrhen the In iilge is empty exeoods 
the teoaioa there dao to jihe reduced dead load alone, the chord in 
Oat panel miial tw made to veaist both the tonaion and tiw ezeew 
of comprossion. 

^Vhc^c two channels are employed for the lower chord, the 
effective areas of the webs alone are to be counted upon to resist 



Tito top chord and batter brace sections, irhenever largo Top ci>at>i hd-i imt 
enough clmiiiicls are proenrablo, are to consist of twochanocls mlh 
a plate above and latticing or lacing below. The top plates must bo 
tbha and of tiie aama aeetion thraoghoat, the hioreoao ia aeetional ^ 
area being obtained bj thickening the webs of the channels. For 
heavier chords, an I bonm may be inserted between the chrmnels, or 
the chord may be built of pktee aud aoglea in duumd form, care 
being taken to nmovo the malarial aa fi« as praetieabh from the 
neutral surfaces. 

Posts arc to be made of two chanuels latticcil or laecil, when r ii nmiiKiM 
sufficiently large channels are procombk. Otherwise they are to 
be bdlt of plntee and anglea in obaattal fnna, the aame reatriotion 
in regard to a proper disposition of the material aa in the eaao of 
riiord sectioiis being observed. 

Upper lateral, lower lateral and portal struts are to be com po sod CMmUkni unm 
of two ehaaaeia keed at httioed, and are to bo oemneted by pro- sS?"^ 
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taiMMlUw «t Wqdt- 
lagTcMOiSttwi. 



TIm mt«ii«liM «f vorkjug tAtm l» ktm In toufoa «■« fo be 
talten from die foltowiiig table. 



Member. 


Ibiteeeilgr. 


Plftin Chord Burs 
'IVoMod Chord Ban 
Adjiistablo DiAgonals 
End Mnin DiA|ronaI« 

I'taiii Hip V.-rticals, ] 

lVQi!iti«d iiip Vcrticak ; 

Flanges of RoUwI BvAins 

FlADp>8 of Rtrilt B«»iut (ii«t socUun) 

I>ntcrii] nu ! Vi'aatioa Bode * 

fi«iuii Hangci-ti 


3. 00 UtBM, 

4.00 „ 
4.00 „ 
5.00 „ 

4.CO A jMO 

4.C0 „ 

J.0O „ 

5.00 „ 
4.00 „ 

7-53 » 
3.00 „ 



iMniilticM or Work- 
CoBi|ita«lv« 



TUe iateusities for intermediate maiu die^ponale are to be ijitero 
polatej nooording to poaition. 

For itroto eompoeed ol two ehiiinele irilh plates or lalliouig or 

Isicin;^, or of two cliftiinfils wifli an iiitcmipdiiite I beam, or stmts 
built of piatcs ami niij-'Ios in a slinpo rescmbliug that of llic cliainiol 
etrnt, tho following fuiiuulao aru to b« luscd iu fiudiu^ iuteuuilicii of 
working eompreenvo streei. 

lit. For lateral wmI intemedMte itniti. 

/ 



P — 



fl+ IS- 



ud Bod, for att other elrate. 



ILL 



wbere |> is the intenaify of trorldngoompteaaivoetreee, H tlie lengtli 

of tUnA dividc'J by least diameter of sam^ 
10.25 for two fixed ends 
/ = • 19.25 for oue fixed end and ono hiugod oud 
18.90 for two hinged encb 
[5,820 for two fixed cntls 
aud C-= 4 8,000 for one fixed end and one liiuged end 
{ifOOO for two hinged ends 
The irorkiog loads ibr I boam strats aro to be talnm ftom 
Xable X. 
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For the itagBt of ronc<1 bearan the iniiBnty is to iMtolcMi 
cqnal to five (5) lou9, uid for tiMiee of bnUI hemm four (4) tona on 

tho gross sccUou. 

The intennty of working Lending Btresi for pine and riveb imi*wuim u w«k* 

ln'lont,'iiiL,' ^Yllo]lY to ILo Lituial iy.4eina or sway bracing is to be •'•eB******""^ 
takcu cqoaI to clovon and a unartcr (11^) tous, and for all othor 
pfaM ftad liftfa aetim fend » hMf (7iy tone. 

Whoro slecl pins of gotnl qnality am rmpIoycKl, the intensity 
maj be iMsamed at twelve (12^ tons for trusses aud eighteen (18) 
toiu for latenkl qwlems. 

The intensity of working bearing stress for pins aud riveUi intnxitin nt wnrt- 
belonging vholljr (o the hiteral qi[e(eiiM or iwrnj jgnieing it to be iBtBcMiaff&UM. 
niiie (9) tona, and for all other pii» ami rirete (6) iona. 

Hip vtiticais iu pony trusses, kaviiig less than five (S) panels, it tg ywH wfchitiwr 
Mr* to bo stiffcucNl so as to resiat oomprossion doe to initial ternaon "n**^ 
on eoouters. If tlio section employed consist of two chatnicis, the 
not aaetion of the webs alono is to Le l olictl uiinti to resi.-st tciisinn, 
and if trowed bars be employed the iuteusity of working tensihi 
atraaaonllMnetaeeltoii iatoberednaadio three (8) tona. 

?^Ii(Klle panel diagonals, counters, lateral rods, vibration roil4 nnttlt^ 
and all other adjustable rods are to have their ends enlarged for the 
aaHrar fhnada moot ding to the dimenaioiia gitao in Gbapler ]UX, 
and aM to be pmided with check nats. 

^ A&ttdNnds umgt thoflo on tha aada of pins nnai b* «l « 
utdfona ataidard. 

IVaasbg is to he employed only for stiffatted bottom diords ramon. 

And hip vc-rticul'?. The loubt alIowabl>? Rcction fov tmaaillig hva !• 
a ^aartor (i) of au inch by three (Q) inehcd. 

Iha laaat dimacaiona tat tlie iq^per phklas in top diofda and nmtmihm tm 
bate bnaaa ante be taken ftomthalolkfm^ SS^tSL^^ 

Willi channels greater than seven (7) inches in df^ptli, !:itr;r1fl 
the \\idth of plate employed exceed that pivcn in tlic tablu by (Vom 
forty (-10) to sixty (00) per cc-ut., tlic tliicknoss imist bo increased 
by one sixtoenUi (^) of au inch : if it exceed bom aixiy (60) 
to eighty (80) per oank, Ibe fliidmaaa muft be inflnaeed by one 
ai^iib (i) of Ml inefa. 
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tey tmm. Sixes of st ny plalei AW fo 1m IiiImi from Tftblfl XXn or XXIII. 

Stay pktcs on luttioetl or laoed eoispremiou members tsn to bo 

placed na near the piu boles or Ouds of strut as possible. 

Latticing or laeing must never bo used witUoat stay plates at 
tbe ends. 

irttt* uiii iMiMv BizMfifkUiee sod being bonsM to bo taken fiNniiT*U«B XX 
ond XXI* Lattice bars shall lunkc witix each other, as nearly as 
circnmstonecs vrill penult, augks of ninety (90) degrees, and lacing 
bars angles of sixty (60) degrees. 

The ends of lattioe ban and siuglc riyetted laeing bars im io 
be senu-cironloi-, the cMitra being taken a little ontaide of tke outer 
edge of tlie rivot hole. 

''ibHrMAiMtUM^ For attaching plates and lattice or lilting bars to the flanges 
of cbounelfl the least diaisctcrs of the rivets to be usetl arc to be 
iak«k ficom the foUoving table; and tlio greatest diameters mnat 
not exeeod tiuMW tlitregi?siibj move tlian oneeii^tk (i^) of an ineb. 
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Channels bnilt of plates nml nnglcs arc not to be lens tlmii 
eighteen (ib^ inches iu depth, nor have \tubs k-ss than uue Imlf 
(i) ineih tfajok« nor flanges less than three (8) ineb by foor (4) 
inch angles weighing thirteen (18) pounds per lineal foot, the 
phort«r legs to be rivottcd to the web. For all built ohanuels there 
arc to be employed, iusteod of the ordiimry latticing or lacing bars, 
pieoes of angle iron harmg dimsMioM not loss than tiro (2) iuehes 
by three and * quarter (80 mdies by a qnartor (0 of an inch or 
weighing four anel two tenths (Ij^u) pounds per lineal foot, nsi d as 
lacing bars and attached to tbo flanges of Iho built ohauuols by 
two-slaggered rivets at each end. 

The lengOi of a splice pfeto is' to be determined by the number 
of rivets necessary to transfer the stress from one main member to 
tl'c othf r : the sum of the working bearing resistances of all tlip 
riveU ou either side of the joint must not be lose than tlio stress 
io the main member upon that side. The riveta mast ahw bo 
figured for bending. 

When practicable, a spUce plate mnsi be pkoed on each side 
of every member where a jouit occurs. 

The trausmissiou of compressive stresses shall be considered 
as entirely fiiroagh the mediun of the ri?eta and eonneotioa plates, 
and these miist be propoctkmedaeeoirdingly; so that the area of Iho 
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soeiion of tlio two splice plates connecting two ckauucl bars mast 
bo ti least eqoal to tliat of tlie larger cliauuol. 

Simple reinforomg plalos or platei riretted to «elM at piu 

lioles iu order to coiiiiiciis;it<' fur strength lost iliere, or to provide 
a^lditloual bearing fur tho pins iuu:jt luivc as many rivets lo uttiicii 
tliom to tliO weba as will giro beariug auJ boudiug rosiiittiUioos for 
Mme aqniraleal to at leaat ibo groatest Htrosaes that ean eoiuo npon 
tiie reinfinreing plates. 

CoT«r plates for top chords or l> ittcr braces arc to have Iho f"^" rhic 
same aeotion as the chord or batter bruce plate, tlio joints iu which 
they eoTor, and enongh rivets on eaeh aiJo of every joiut to take np 
the groiitost stress that could over come upon tlic c-iv( r pl:»fe. 

Kxlension plates ou tlic end of a strut, for the purpose of iiing- Kxi.ii«toi i>Mm. 
ing the latter, are to have from the piu hoIcH to tlio nearest cdgctf 
of the ilaj places at least twiee the see^nal area of the strut, and 
the duelmess mnst be sufTicieut to give proper lu iiriiig upon (he 
pin. The length of the extension plates is to be KncIi as to allow 
of the nee of enough rivets to provide tho proper bearing an«l bend- 



The thicknesses of slioe plates and roller plates for biifter - » 

brace channels of the varioas depths are to be taken from the fol> f^tc*. 
lo wins' table 



Depth eCOwnd. 


Jjem than 
9' 


9" and to" 




IS" 


Knilt 
r'linniK'l'i. 


lUekMBsef Flirts. 


v 


!• 


1" . 







' Bed plates at pedestals mnst br of surli <1ini( n^i 'Hs that llie 
greatest pressure on the masonry shall not cxceeil two hundred 
(200) pounds per square inch, and tho thickness is to be the sumo 
M that of the shoe plate resting thereon. 

Beam hunger plates are iicv> r to be jnado less than one (1) i-^mDiaiwrnrtev 
inch tliiclc, mid tlx ir nre:is nrc tu be such that the hanger nnts will 
always have a full bearing thereon. 

Kveta in top ehord and batter braee plates ahaQ bo spneed Binttinf. 
four (4) diameters apart for a distance ou each nido of CTciy joint 
(Mpiul to one and n half ( IJ ) times the width of the plate, and no 
more than five {^^j inches elsewhere. 

The distaaee between tho edge of any plate and the centre of a 
rivet hole most never be less than one and a half (!}) times tho 
diameter of tho rivet, prefer.ilily twice the diameter. 

The diameter of tlio hole shuU never exceed that of the rivet 
hj more ono rixteenth of an inch. 
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WUen two or moro thiekncfsMi of plala urc livcttccl to<;ctlicr iu 
eomproBiiloii iiieiuWs, tlic ontor row of rivofs shall iioi be moro 

t!iau three (vH iliiiiuctcr« from the siilo oilgo of the [ilale. 

liivct holc!> uitut never be spiiccd inorn than two Ami a half 
(2^) Kolilom \cs» than three {3) dmuicterti, nor more thou six (G^ 
inelM* from eeutra to eeatro. 

All tlio rivot holos of Uie re^eotire parts of any stmolnro tnual 
l)f» itindo to tx.ictly coiuculo cither hy driUiug tlic holes full size 
throit>;]i the connecting portions after being put tofjetber, or by sub- 
punching the pieces scpiiratcly au<l aftcrwanlu reauiiug the com- 
hiaai virot lioles to propor use. Iu nil oaaoB tlio bnnra must be 
reiuoved by slightly cunutcr-sinKiu^ the eclgea of the holes. 

AU rivet - ill j^pUce or tension joiiita are to be systt':iii itionlly 
arraugeil, so that each lialf of u teusiou member or splice plate will 
bare tJio Mtao nneut area on enob lido of its centre liuo. 

No rivet is to have a less cUatnoter titan the fhiekaesi of tbo 
thickest plato through which it passes, except ill tllO oaso of thick 
Bboo platoii where the holes iuu.st bo ihilled. 

The Icftiit allowable diameter for a rivet is half (J) an inch. 

Itirots unst not bo usod in direct tension, 
rioiir v am*, Bjitt Floor beams, built track stringers antl plulc girders must bn 
r.*.»air4vi% well sliflfeneJ nt tlic points of support oud at intervals about equal 
to the depth of the beam. 

The sttffeners are to bo of angle iron anil are to be placed iu 
pairs on opposite sides of the web. They must extend from tbo 
iipj^er lei; of tlio ii[i)u r fliinge to tlie lower log of the lowrr flange of 
the beam, Ijeiug made ilUMh wtUi the other legs of the flanges by 
filling plates. 

Bir«^u i>. yiu.'f. or In apaebg the rivete in the flongei of floor beams, track 

stringers or plate gn-dcrs, tlio beam is to be divided into c^ual por- 
tions of about two ( 2> feet in b nstli, the stresses iu the flanges are 
to be found at the points of division, uud there vamt be cuougU 
rivets between any oonsoentive points of division to take np a stress 
equal to the resultant of the diflorence of the stresses at the points 
and tbo greatest vciticMl load that can come on this length, proviil- 
iug that the rivets be not spaced more closely thou two and a half 
(84) diameters. 

r .u u ,M «( web» In caloulating the dimensions of a floor beam, iron track 

stringer or plate girder, the web must have siifficicut area to tako 
up the greatest shear, and tlio ttangcs alone must be assumed to 
resist the bcudiug. The iutcubity of working shearing stress is to 
be two (it) tons. 

i.iiuiiinirTiii.inr.<or No wob for a floor beam, track stringer or pliito girder is to 
Imve a less ttiiekuess than three eignthe ($) of an inch* 
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Webs ancl fluugcs of lloor beams, track stringers oiid plato t>iiiin)tiuFiwrDc«ms 
ginlen mast bo wdl spliMd At «U joinia hy » i»teto on euli nd« of *^ 
tlie part spliced. 

There is to be liue of track stringers dire -tly ntnler encli rail. Tmck atriMgttj, 

Tliey are to be very firmljf altAchcd to the floor benuis, and at 
tlio ondo of th« span »ra to rest npon Mul bIhIo m groovod 1)ed 
plates, or hoiqc sinitlM detail. 

Track stringcra over ftfteeu feet in length must be braced by Bnuiite lor Tnck 

1 ■ ^ [• 1-1 11 *^ Sirifi}^ T-' Mid Fills 

au Buglo irou frame or frames pliiced tninHvorscly to the spau Aud uinUsw, 
firmly rtveltoil to tlio wobs of the piinvllcl Htriugers. Wltere the 
Btriiigers rest upon the tops of tlie floor bcnms, them mml bf n brac- 
ing frame near each eud of caclt pair of atringcra. A similar brnciug 
vitli the frames not more than seven (7) feet npart will sniBoe for 
plate ginlcv spuns not exceeding twenty-five i 2') ft i f, but bt voud 
that length there miut be provided diagonal bracing of anglo iiou 
bolh above and below, tiie braoes making with each other nui^ka of 
abotit sixty (UO) degrees. There mmt be also ft atoni bnieiug 
frcuue at eacli tn<\ of tlio Fpnii. 

Plate girdcr.s aud bir.it t ringers are not to have a depth lew UmMiig UtfMu it 
than one tenth ( of tbo siian vhonm the faondmy beneath tb« «««>ta»*«»«ta»ew. 
track will permit the use of sneh a depth. 

The flange-plates of all girders mnst be Iiiiiii< il in wi lth so as runttr pmm M Ol^ 
not to extend lieyoud tho onter lines of rivets couuccliug them to '^^*'* 
the angles more than five inches or more than eight times the 
thickness of the first plate. Where two or more plates are mted on 
Iho flanges, they shall either bo of equal thickness or shall deoceaee 
iu thickness outward from the angles. 

Li welded heads the lengUi of metal behind the pin mast be at s>m. 

least equal to the diameter of the pin : while in hammered heodti 
the amount to be tbo siitno as that above or below tho pin. 

The least amount of metal iu the heads across the pins is given 
in the fi^wfog table* 







Mt'tal in Head. 


Acnm fin. 


Width of B.nr. 


Diamotcr of Pia. 






W«Ue(U 




I 


oto 


1.50 


1.50 


I 


tJ94 


1.50 


1.50 


I 


l.li 


r.jo 


1.5| 
I.SO 


t 


i.«o 


t.50 


1 


i.iS 


1.50 


li«0 


1 


f.j6 


••SS 


1.74 


r 


Ut 


1.60 


t.76 


I 


1.50 


1.67 


1^5 


I 


1^4 


1.67 


'•»S 


I 


1.7; 


1.70 




f 


1.93 


1.-^ 





•Tmmi ibe ^eoUiMtiotts of Theodave Coo]ier £sq., OA 
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riarv 



Ibi toilas* 



Tnrit-liwkkfs «H>t 



Ill loop eyoH the distauco of iLe inner point of ilm loop from 
tho centre of tlto piu mmt be uol less Uwa three times tlio diameter 
of the piu. 

. TIm loop ma»i fit cloaely to ttie pitt lliroagbout lis eemi- 

oirenniFerciiCC. 

Pill lioloH in eye biirs sliiiU l)o luji eil to an exact size ami dis- 
tance, and to u true perpendicular to tlie lino of stress; no error in 
the lengtli of bar exeeediog one siity fonrtli ^ ^ 
nllowcd, nor any viiriatioii of more tlian one aixty-fonrth of an 
inch bolwf ( n (Iif (■( ntro of the oye nnd (lie centre lino of the bar. 

Pius arc to be proportioued to resist the beudiug prodaccd iu 
tliem by &u bars or ktrnts wliibb Uiey oouiieeti Sted pins we alwi 
to be proportiouod for shear. 

No pin is to have a diainelcr less than eight tciilhu d^^) of the 
dcplli of llie deepest bur coupled thereon, ii sr shall it vary from 
that of the cycn of tho burs coupled thereto by tiioru lliaii ouo hfliulh 
(^^) of an indi. 

The leant allowable diaractors for pins are twO (2) iucbes for 
those belonging wholly to <1i<j 1 il( ral Hyiitcius or ewaj braouig, aild 
two aud a half (21) inches for nil other plus. 

All pin hdes ttbalt bo reinforoed by additioaol material, so as 
not to exceed the permierible preienre on the bearings. 

AVhcro a (liu heAVH against r rpinfcirci il channel bar, the web 
of the iHttcr is not to be assninod to take up any bcariug stress, 
nnleae tlie reinforcing plate or pUtos be rivetted to it before the pin 
Lole bo bored. 

The lower chords arc to be packed ns closely as possible aud 
in Hwh ft nmnnor ns fo jvro'lure the least bending moiucuts upon 
the pins. Tiic various mcnibcrs attached to any pin must be packed 
as elosely as possible, and all interior vaeant spaoee mast be filled 
witli irrongbt iron fillers. 

j Ai.nision roHera aro (O be proportionml by ttie Jbrmnln 
/' = " - J \ / <t , w'lero /I is the working loail in tons per lineal 
uich of roller, and d is the diameter of the rolloi' ill iuches. 

TLe least alloirable diameter for rollers u tiva(j|) inolies. 

The spaces between rollers must nerer exceed one iialf (i) of 
tlieir dtamctcr. 

AU turu-bitckles aud siccvc-uuls' muht bo mivde so strong tliat 
(liey woold be able to witlistand without raptore tlie ultimate pall 
of the tods which they connect. U nuts are not to be used in any 
part of a bridge. 

The diiuousion.-i ofiiH sqn and iK'xiigon.il nuts for the various 
diameters of rods aro to be Utkvu from Cluipter XIX. 

Those for the cuds of plus, vhcu not subjcolod to calenbble 
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Bints may bo UMto «f any «oav«nicut she nui as ttiiu m half (i) 
•Dioch. All nnln must have a uniform lioni ln^. 

Cast or vought iroa waaiieni moat bo used under Uie laeadtt aud w»>i«t^. 
mli of all Mb fai timbw. Hmv bearing rnnrt be wnforta. 

Whenever poiaible four (4) beam Langera mtitit bo used per bmhi 
floor hpnra. Tlw Noreir ande are (o ba npaat and provided vim 
obeck nata. 

lu dosiguiug jaws special caro luntit ho taken to loako them and a««> 
their eatmeeliiaiiB qaite ae etrong as tbe body of tba atrot off wliialt 
ihey fans a part. 

Two brackets or knees mxiHi be nsed to eonnaot eaob over-head 
strut to the posts or batter braces. 

Tbey ehoold be aaada of atraigbt (ee, angle or ehaniMl inn : if 
made curved, no dapendanfla ia to be pbMed on tkom for dtfier 
itrength or stiffness. 

When there is no vectieal sway braeiug, each intermediate 
biaoket aoinal be proportioned to redat the oompieadon indoeed ia 
it by lhairind pressure concciiinitorl nt t!ie windward and leeward 
points of thftt panel of the top chord to which the bracket belongs; 
aud each portal bracket must be proportioned to resist the com- 
pression indtwed in it by ena half of tba total preaaoraooaeentratad 
attltc panel points of the top chords. 

Tho tiaiiges at tlic rnds of channel bars mnst not be cut away, 
if it be praoticabio to avoid doing so ; if not, there mnst be suffioieut 
fehnfotdng aaed to auka tiw atmt aa alrong as it vroold ha?a bean 
nilli the flanges nnant* 

The arrangement of the parts of the floor system proper, vtr. 
the ties, shims aud gnard rails with their connections most be as 
daaeribed in Chapter Y. Tiea moat. bear eve nly upon ^^ubt anpporta 
Hithout the aid of Ailing pieees. 

Finally as recrartls fbe proportioning of any slruclnr**, if cases 
ahoold oeour, which are not covered by the preceding speciiicatious, 
tlM ftinoirfaig rata maat in aU aoeh oases be adhered to : *'DalaiIi 
must always be proportioned ao as to resist every direct and indirsot 
stress, that may ever come npon them amlcr niiy probable circum- 
^auces, withont sabjecting any portion of llicir material to a Btresa 
g ra a Ur than lha lag^tlniato eorresponding working streas.** 

A| each approach of every bridge there isast be provided soma 
arrann^mcnt to either ratnm to the track or ditdi derailed oats or 
locomotives. 

No east iron ia to be need anywhere, except aa washers for cut irou, 
tfanbttbolta. 

Field rivetting innst he done witli the button sett: the heads of fMd 
the rivets oiust be bcnii^berical, aud no rough edges most ho left. 
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Xiw MiiMni of field ritetting tntiiil be rediMed to * taSaianm, 

MmiiirHcturinsUWi' Ll pnncliin<:; plate or oUier iron, the dia«uct«r of Uie die shall in 
110 case oxceed the (liiuiutt r of t!io pniicli \<y luoic than ofau 
iaoli, aad all hol^a mnal be cleou cuts williont torn or ragged edges. 

AH riv«t<bo1et nraat be so mmtdy spaaed ud pimdied UmI 
wlioii the several parts forming one member are assenibled togetbeTt 
a rivi't A inch less in iliaineter than the hole can bo entered, bot, 
into any hole, without reamitig or straining the iron by " drifts." 

Tbe »iv«(t wben driven mnel oompletely fill <be hoke. 

Hio rivet-In iuIh mast be bemiepberioal and of a uniform size 
for the same si/od ii\-t.\n thronf^hont the work. They mtist be full 
aud neatly made, and be couceutric to the met-lioiefaud thoroughly 
pbdii the oonneeted pieeee together. 

^Vhernver posyible, all rivets must be maebine drWen. 

The several pieces forming (uic bnilt Tucraber must fit cln-rly 
togetbtr, aud wheu rivet«d ahali be free from twiets, beudtf, or opcu 
jointa. 

All jojato in riveted work, iriietber in (enrion or eompreadon 
members, must Ijc fully spliced, as no rcliAiieo ^N-ill be pluccd upon 
abutting joints. The abuttiug- ends, however, must bo drc<>iiod 
atrai^i and troe eo tbmt there shall be no open joints. 
nnnaMBdiiiK* An workmanship shall be jtrat-elass in every partieolar. 

Abutting jointa in trasa bridgea ahall ba in axaot aontaai 
throoghoak 

BanwhlahaN tobapiaaadiide by sidein the straeture, shall 
bo bored at the same temperatora and nftneh aqoal Jaoiglhfliatiqpott 

hc'iii^^ piled on each other ths puw bIuUI paaa tbroagh thaholoaai 
both ends without driving. 

Whenaver naoessaiy for the protection of the thread, prorisiou 
. ahallbemadefor tii«iiiaofpiMniilain«Neti(itt. 

All iron work befoi-o Iwiii^ the shop shall be Uioronghly denn- 
ed from all looee scale and ru^t, and be given one good ooaliug of 
pure boiled Knsaed oil, well worked into all joiate and open spaees. 

In riveted work th» aorAuMa eoming in eontael ahall eaoh bo 
pEiiatcu liefnic being riveted together. Bottoms of bed-platcf-, bear- 
iug-platca, aud any parts wliioh are not accessible for painting after 
oieeUon shall have two coats of paint; the paint shall be a good 
quality of iron ore p«nt anlQeel to appfoval ol Chief Bnghieer. 

Afl«r the sf.rnctnrp erected, the imn "woili shnll bo thoroughly 
and evenly pahited with two additional coats of paint, mixed with 
pure linseed oil, of such color as may be direclod, the tension 
membera bebig, hovorer, ganeraUy of lighter eolor than fha 
eompressiott members. 

*Wstm die veelfleirtkas of nModne Ooopor Set, OJS. 



Diyiiizco by Google 



— 79 — 



1 



Pins, bored piii-holos, and tnnictl fridion roUcrs shall be coated 
wUh wbitfl leftd fttid tallow boforo twiiig shipped from (lie skop. 

All wi-oagUi irou must bo (ongii, ilbron«, and nuiftwm in Qnnmr <t Xai«HM.« 
c1iAract«r. It shall have ft Uinil of olAstieUy of not l«n than 8G,000 

potindn per square inch. 

Finiiihetl barn must bo thoroughly wcldud during tlio r<)Uiug, 
and bo free from injarioiu seama, bliston, bnoldes, euid«r spots, or 
imperfeet fidg«s. 

For all tension members double roUodlmrB must l»e used. Tliej 
shall Ktaud tlie following tests : 

Ftill sized piece'? of f!nt, round, or square iron, not ovoi' IJ 
iiichcd in .sw-ctionul urea, siiuU iiavc an uhiniatc streugtU of (>(),UO0 
pounds per nqnan iuoli, and streteli 12 1 per cent, iii thax wholo 
leufith. 

Bars of a larger sectional area than 4i square Inches, when 
touted in tlie usual way, will ho allowed a reduction of l,<)00ponnd9 
per bquaru inch for eneh additional square inch of socliou, dowu to a 
miiumum of 4C,000 ponuds per G^uaro iudi. 

Wnan tested in specimeas of vniform seetioasl are* of at leasi 
|. sqotts jack for a diaianee of 10 indies, taken from tension memb* 
erR vhiob Iiato been rolled to a section not more than 4 \ square 
inches, the iron shall show an ultimate sti-ength of 52,000 pounds 
per square inch, and stretch 18 per cent, iu u di^itauce of 8 iuchcs. 

bpecitucu3 token from haxs of a larger cvoas section than 4^ 
inobes will be allowed a tednotion of 600 pounds for eaoh additional 
■qnaie in«ih of ssetion, down to a n>i»««»«ni of fiO,000 pcnnds. 

Tlie same sized specimens taken from Ait.jle and other shaped 
iron shall hare an nlliraatc strength of 50,000 pomida per sqnara 
inch, and elon*^ftto 15 j)cr cent, in 8 inches. 

The same sized specimeud luken from I'Uties loss than 24 iuolies 
in iridHi shall bavo an nltSmate strength of 46,000 pounds, and 
dongate 16 per oent. in 8 inolies. 

The same sized specimens taken from plates exceeding 2i inches 
ill width shall have an ultimate strength of 46,000 pounds, and 
elongate 10 per cent. 

All iron for tension membcra mast bend cold, for about 00 
Agrees, to a ennre whose diameter is not over twioe the thickness 
of the piece, withoot eraoktttg. At least one sample iu three must 
bend 180 degi'ces to this curve without cracking. When nit kod on 
one side, and hcnt i>y ii bhiw from a sled<^e, tlic fracture must be 
nearly all fibrous, allowing but lew crystalline specks. 

Speeunens from anylf, jAaU and tSiaped iron must stand bend- 

* from the speeificstions of Tbeodoro Cooi>cr. Esi}., C.£. 
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ing ccM Ihrongh 90 dogrocs, mil to n onrvr- ^'hoee diamotcr is not 
over three times On Uuckuctis, wiiliont crackiug. 

THum nidiied or b«nk, its fraotora mutt be mostly fibrous. 

i^rets Mid pint ah«U b« made from tiie be»t donble-refinod iron. 

The east iron mnst bo of tlie beet quality of soft gray inm. 

All timber h to be of the bofet qtialitf , free from win l slmlvi . 
largo knotfl, decayed wood, snp : or anj oUier defect tliat would 
impair its streugth or durability, 
vnt of BtnHtan. BefoTo Uie fioal aooeptaueo of auy bridge and after it has beeu 

in eonelant oae fn one di^, it may be teated by paadng o?er it the 
q^eoified train or tnuus or their equiTaJeiii at a speed not exeeeciittg 
lliirty (30) miles per hour, and briugi«!? them to n stop nt auy 
point by meaus of the air brakes or any brakes ; or l»y resting the 
marimnm train lead npon the attnetore fot twelve (1 2) hours. After 
sndi testa the atmetue must return to its original podttou without 
ehowing any peimaaeut diange hi any of its parts. 
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CHAPTEJi Vn. 



LIVE AND DEAD LOADS, WISD I'BESSURE. 

By maliing inquiries of a namber of railway officials tlifi author lias ascertained 
tliat the heaviest engine nscd in Japau weif^hs about thirty-three Knglisli tniiM. It 
is a tank cnj^ine about tweuly-eight foet long and re^ts upon three pairs of wlieels, 
whieL support tlie insight iwnt ly equally, and whoae axlea «n very nearly the iame 
diatauM apart. 

It is tho opinion of all tlie ofHeials com tilted tbat tllia is about ok heavy nn 
oH<^'ii)f> HH will c vot' hi- put upon the pre^ut JapansM loads, orvpon any fuiace roods 
huilt accoriling to the Hiiiue general design* 

On tLia aoeonnt tlM autbor hac assnmeil Um angina apMified in tha beginaing of 
tlie last diapter as a standard for proportioning bridges. Its weight is tliirty seven 
and a hnlf Anui-ican tons or nbotil thirty three uml a half Knglisli ton,", so it is a 
trifle heavier liian any engine in use in Japan, bnch an engine carries its own coal 
and water, ao is not followed by a tender. The engines with tendeni aresonraeli 
liglitar than the tank engines that the combined veigbts of the fanner exceed that vf 
tlie latter by only two or three tone, and are diiitributod over forty two feet insteotl 
of twenty-eight, so that it is unneceasaiy to oonaider the effect upon bridges of the 
oomhined engine and tender loads. 

It M unusual in this eonutry, although timia common iu America to oonple two 
engines at tha Itaail of a train, nererthalesa aneh an arraaiganiont does occur hero 
o«eaiiion:tlly, so it has been adopted in this traaline ; beaanse bridges shoidd bo 
proportioned for tho greatest Imi Is that can ever cnnte upon theiii. 

Iu regard to car loo^ls tho inforiualiou olituincd shows that the freight cars 
when loaded bring the greatest loads upon the track, and that a loaded car woiglis 
no more than eight tons Iweire hundred weight or 10,261 pounds. The toigtb of 
ear from buffer to haffer is eighteen feet, uaking the greatest load per lineal foot 
1070 poniids. 

Now as cars are soniotimes overloaded, although it is very hu«l for tho springs , 
and gainst (he rules of the railroad, the author has tliought it bcht to assume a car 
load of ISOO pounds per lineal foot for spans niider one hundred and fifty feet m 

lent,'!]), and to reduce it gradually to 1060 pounds for spans of three hundred feet. 

The renwii \v!iy siicli a ff luc'imi is permissible is because the chance of !i Inng 
span ever being covered from cud to end by tlie raaximnm load is very Kmall, while 
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for sbort Rpans it h uot at all imprnbahlc. AuotUor rcasou in that as tlio length of 
iip;iu iucieiiujii tb« ralio of itcad load to total lo;ul itierca^ra lUid oonscqaeutiy tlic 
iignrioiis effect of imi>aei rclitlivi'Iy d(>«reaiiC8. Thin r««2ttctioii, of ooane, doM not 
iiffieet tlio Btresse^ on the floor »3'»tom ftttil hip Tcrticalu, vliieb nro |iioportion«d for 
tlie assninf >1 cin'Iiio Imivis. 

The tiiblc of eqiiivtilciit uaiforuily diHtributcJ live lun<l8 i,'ivou iu the Inst cha[>tei' 
wtil be fuuud to »avo much Utboni'; ulttiutigk not perfvctly accurate it is correct 
ftiongk ibr all practicul pwiiows. Hie tnblc wliieU follows it givct tlio jiom ntog«s 
by irliicb tLcsc ftjuiToJent IooJh aro to be iuct-oased to ri^ibt (he ^hock of rapitlly 
ei»jTiii< s. Tb<' jh n rn(iigis ii,t,'rcc fniily well with t!:(' i t sults nl i l iineiitH 
n|Ki!i till vil;i atioiis <if iji i(l;,'».'.s uiitler piissing loaily. The two tubif« cun be coiubiuotl 
into the- fuUowiiig, which in ihu uuo to Uo iistc.l iu caioulutuig stresiscs. 
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The eugiuc eiccas fur one trutiH of a i»iui;lc track bridge i> fuuud by nnblractiug 
from the total treiglit of aogiue the product of tbe IragtU of eiigiuo by the Manmed 
ear loftil per Uuoal foot and dividing the nmainder by two ; making tlie various engine 
excesses to be tiMtl as gtveu in tbe followinj table. 



Car IXKwl. 


1 iCf^* per ft 


list.* per ft 


itoc*perft 


i^^c* p«r ft, 


Boglae Bie««. 


iP.j$ ton*. 


[0.7 tons . 


11.0$ tlOBS. 


iM tons. 



For doable track bridgoe the eugiuc czecsses an*, of coarse, tvice as great as tlie 

above. 

Wlicii (ho p-uu ! It ii ^th is ci^'hlerii fi > t m* over the eiii^iiie excn-^sos of thn two 
cpin»Ie.l locomotives are ussmucd lo be concentrated upon consecutive panel iu)intH, 
Imt for shorter panelii there is finpposed to Ue botireou them a panel point vritlioni 
engine excess. Of course this dirisiou does uot represent tbe aetaal distribntiou of 
the loadiiij,', iii vei theless it is convenient nm] ^'ives ii small error ou the side of Riifely. 
In double iiilcrsi c finn tnisscs grentor wtb sti t'>M S tin' fntui T !iy asHUiuing ft cur to bo 
))luced between tlie two en<;ineg, thus Iniiiging both excesses ujiou the saiuo Kytitfcm 
of posts and diagonals, so this arraiigeinwt was adopted wlieti eatcnlatiug tlie ir«A 
stresses for Table IV. 

Accurate values for the dead loads of siii;;le truck bridges arc given in Tuble I, 
The cohuuu for deiul load is obtained by adding together the weights of iron per 
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liueal foot iu the truftseR, floor Kyfitom and latonil KystciUR, the weight of lumber per 
lineal foot and tLnt of the mils, and snl)tr:\ctiiicf from tlip mm il2 jionnds to nllow 
for Uie weights of those portions which rest ii][H>n tlic niasoury, and wiiicii do not 
tffodilia rtr ew i in tiie trasMs. Thw allowaikM luw baen vhedied JSor wvcnl 
ipMii «f TWions lengUis, and luw l»ean faimd to be AlnuMt «oiiiUiit for aUlflngilui of 



By doubling the dead loads of Tabic I cnu be foinid approximalc values for the 
dead loivds of donblo tracli bridges. Although this mctliol would Ijc a r:((lier i-r)n>,'h 
npproxtuiatiou in calculating tho vciglil of iioii foi a double track bi ulgc from that 
of a single track bridge, still it ^ ill be found eo accurate, as far as dead load is 
eonoenied, m not to ueeosaitiite a re-caleulation of sirMses. This is at cm might 
anttaiMte; for the tmsa weights are alnaoet dtrcolly proportional to the total hMtle, 
except wliPii the change is so slight ns (o cauao no alteration iu the depth of the top 
chord and batter brace chanuclK ; the wr iu'lif ; of tlie lateral Rvstoms, tltough nut 
twtoe as great, are considerably greater iu double than iu single track bridges; for, 
allheiigli Um total areu oippoMd to wind preeenre are only slightly greater in tho 
former than in the latter, yet all the members are longer, -and Ifaoee anbjeeted to 
compres«iou are consequently of larger sectional area ; and the weightti of the floor 
Bystiiin arc more tliiin doiibled ; for tlioso of all the members except the floor beams 
are duubled, while those ot the latter are increased both by reason of their length and 
by the doubled loads tbeoreoa. The ankh<nr has tested an aclnal case, and has foond 
tliat both the wei^t of iron and the dead load are aimeat ekaetly twiee aa great iu a 
donbie aa in a sbgle tniok briilge of tin same span and live load per traok. 

From actaal measaremeuts of a number of cars tho average area per lineal foot 
of train exposed to wind pressure has been found tobeabont eip;bt sqnare feet. 'J'lie 
assumed wind pressui-e of thirty poimds per s<iuare foot on the train agrees with tiisit 
4kf the best American praetiee: moreover it b as high as coouomical reasoua wiU 
aUow, for it wonld prohsldy OTortom any ordinary traui, aa the following calcniations 
iriUsbow. 

Let P £^ pressure per lineal foot of train 

k ~ height of centre of pressure above rails 

d — distance between centre lines of rails 
aiidW » wei^t of oar per foot whibh will josl resist the over turning 
moment 

2 PA 

Uien Ph ^ } Wd and W ^ 

T!ie value of li is about seven feet, that of if exactly 0.7 feet and th^t of two 

Lundied an 1 fni ty pounds. 

Consequently W =^ ?^?M®^v tK)8 pounds. 

A.'~ tlie greatest iillownl^lr par l^nd prr foot is onlv 1070 pniinils, it is lilylily 
improbiiMc that tho average load would reach nine humlri.il jiounds, so that a pres- 
sure of Uuity pouucb per stiuoro foul iu upsetting u train uu a bridge would debtroy 
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Uic .Htrnctnr(^ in any oau, for bfMgei are not ^oportiouad k> nwisi the Uowa of 
derailed trains. 

It is traa Oftl higher presnnw Mm tblrty poonila *f MiaMliinM vteomMt ImI 
thcgr mtonjl <nr«r ^ary limitad anM : on lliia aMonnt tiia aiqitj liridgaa aia |iMpov> 
tiaoad lo reust from fifty to forty pounds per square foot aeiKnrding to the length of 

span, r Slialer Smitli E'^q. C. K., one of the highest Amorican anlhoritioH upon 
bridge builduig, proportioim all his bridges under two hnuikcd feet span to r^^ist a 
pressure of fifty pounds per sqnata fbot, eonrftea tliaA thirty poouds upon tiia 
loaded Uridga trill baKufe enough tar all gvaatat q^ans. 

Btti aa tlia nppar lateral qratenie of diroogh turidgaa and tlia lower laleial ^ya* 

terns of deck bridges are not affocteil liy llie wiiul pi cssurc npon the train, tlio author 
coii'^iders thnt empty spans from 200 to 250 feet in lengUi should ba proportioned 
for forty-five pounds per square foot, and uU greater spans for forty poiuuls. 

In reaUiy these figure have not been exactly adhered to in making the designs 
tat tltia traatiie, beoawa the autluw baa eonddorad it better to ndnee dia mteuHliaa 
of irind pxaaauta gradnally tlian to ahaqga (ham anddenly hj deoreiiie&ti of five 
poonda par aqnara foot 

Theodore Cooper Esq. C. E., the author of the best American bridge specifica- 
tions, pro\ide8 for a wind pressnrc of 150 pounds per lineal foot for upper lateral 
bracing in through bridges and lower lateral bracing in deck bridges. This is a 
raUier email allowance for a oottntry viaited amraally bj tjypliooiia. In preparing 
Table TJXl Ilia anthor need ItO poratda fmr apaua of 100 feet and nnder^ from ibat 
to 200 pounds for spans between 100 and 200 feet and from 200 to 240 pounds for 
ppntis from 200 to 800 feet as the pressures per lineal foot for upper lateral bracing. 
The pressures per lineal foot on trusses only for the lower lateral systems were calcu- 
lated to ba from SOO ponnda for apane of 100 foet to 890 pouida tar thoee of 800 feet 
for empty bridgea ; and from 170 ponnda for ipane of 100 foat to UO poonda for 
tlioae of 800 feet for bridgei eorered by tlie moving load. 

The pressures per lineal foot upon tiio nppor lateral nystems witli an intensity of 
thirty pounds are about 90 iwuiuls for spans of 100 fee t and under, from HO to 180 
pounds for spans between 100 and 200 feet, and from 100 to 180 pounds for spans 
between 200 and 800 feet. 

The method of ealanlating tlieae pressures was fully explained in the last ebapter. 
A portion of the leeward trnea is protected by Uie train, bat no dednetion should be 

made on tliia account, heoause the anrfuces of the ebanuels, bein^ coneavc towarda 
the wind, tend to iiicrenso the hitcnsity of pressure : indeed it is woU in figuring 
areas to allow an inch or two of extra widtli to oompcnsate for this concavity. In 
this partietilar system of bridgea the effect of wind pressure on bottom chord tension 
need not be ooneiderad in apana under one Lnndred and thirfy feet in l«4;th. 

Wmd foods npon empty bridges are treated aa moving, tttt it is possible for one 

part of a bridge to bo protected while the remainder is exposed ; besides the centre of 
a wlilrlwiud has a motion of translation which would cause the pressure to really act 
as a moving load. This method of treatment aflevls pnn«ipaUy the lateral rods and 
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strntR near tho middle of Uic Mpnn. The pressure iipon the train is undoubtedly a 
ruoviug lond, bat the coexisting pressure npon the tritsses mnst be treftted as statie ; 
for it would be liighiy improbable that a maumnm wind and a train ooukl advance 
lofetfMV and with Um mum velottty npon a bridge* 
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CHAPTER Vm. 



SXUtl.'jSES IN TUUS!>£S. 



The caascs of stresses iu trwMt in Um It^wittg ; 
1* nniform live load 

4* wind pffMtdn directly 
6* wind prwsnrf! indirectly 
0* onrvrtture of trftck 

The tmiform live load aud engine excess produce tension in the bottom cluxds, 
loaiu diagonals and ooonterst and eompresnoa in the top chords poeti mmI battv 
lifMee* 

TliG iIoa<I load affects similarly the ekords, posts and main diflgonalh;, hnt does 
not affect tlte counters, or rather it tends to diminish the stresses on the oouutera. 
Ibe diceot etceeeae doe to wind presawre are compression on upper and loirarirind* 
ivaid ckonb, and tantioii m vfBtit wa& knrar bemii eborii. 

The indirect stresses due to wind prossnro arc cqtiivalcnt to tlm^r produced by 
inoreadng tlio dead load mi the leeward truss: they will be called " transferred load 
etr e w flo .*' The wind also rdieves the dead kied on the windward trose : the atreasee 
daetothediilttttiee between tiie dead kwd on this fartui and the lednetion wiU be 
called " reduced dead load stresses." 

The curvature of the tracli produce a centrifugal force which acts only on either 
the lower or upper chords, according to whether the bridge be through or deck : it 
•ffMbttkotheeomipODdiiwhaeniliiyileiB, ■od the vertieal iwajr brMmgofaeek 
bridgeg. Tlie combination of nil these stresses is a little complicated, especially as 
the direct aud indirect Htresses due to wind pressure may be subdivided into tiie two 
oaaee, first when the britlge is empty, and second when it is partially or wlioUy 
eofered by the aKnFing load. The fbUowing (able will fwOilate Um eomprehenaioo 
of ihr. rfTccts of the various loade wpoa the liilEnmit aMnhen,!! ilaiidiBg for Uaukn 
aud Q for cQmpreseion. 
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To properly apply tliis table one mnat dislin^^nisli bctwoni a probaWc or ordi- 
nary oombiuation and au luiprobable or extraordinary couibuiatiou of siressettj aud 
most reooguiM frliidi •hwiiei ffwy mBi vbidt atiMRW wuut whA tog&Uitr. Then 
MS two IQiliiiel Moditiflnii fint whuax tlM bridge it tapty, and wnuai. lAm tl ii 
wholly or ptttiaUy Mmni 1)j Un inoring 1^ 

Dwiinctioa mast be macle between the stresses in certain m^bori of deck 
bridgOB and those in tlio corrospontllug members of tiuroagh or pouy trnss bridges. 

Again any particular member may rooeive its greatest stress when it belong*? to 
the windward or to the leeward trosa. Keeping these faetn in view let us analyze the 
tables 

Fini wbin tbt briilgo io empty ve ue oonooned witii the boriseiitat lineo 
nwmbMwAii 4t e, 8, and IS; and, when il wloaded. with «fao lines 1, S, 8, 8, 7» 9, 
18 or 11 and IS. 

Commencing with tlic top cborJ, first when the bridge is empty, we have 2*, 
4,* 6* and 6* acting but tlio hitter is i cnmliination of 2* nud G* so need not be 
eonstdered. We see that for both windward aud leeward chords there arc both C 
aiil T or— G aating nmnllaiMoailyi for 4* and 8* oannot aol iiide|Mndcntly. On 
lUi aMooat and beeanaa tiBeei of 1* and 8* ia w great wo aooelada tliat Iba top 
aboid alreuea when the Inidge is emp^ need not be oomidarodt 

When the bridge is loaded 1*, 2*, 8*, 6*, 7* and 9* act in through or pony trnss 
bridgCH Rnd for deck bridges 1 1" may nlso act. In deck bridges 6* has a mneh greater 
effect tkau in tlirough or pony truss bndges, for it then iaelodea the wind pressure 
iqpontba train. 

AabefaM9*ni^beoinittodaBitiBaaonibiaatioDiir T and 7*: tbis leavea for 
OfOq^ and pony tnna bridgea 1\ S* and 8* ae tba oadbury ktaiUng and 1% S% 8*, 

6* and 7* as the extraordinary loading. In the latter it will be noticed that for both 
windward aud leeward cliords we have both C and T or — C aoting simultaneonsly ; 
for 6* and 7' must act together. On this aoeouut aud because of the great effect <rf 
1* and r oompaved with S*> it ia avidant that r» S* and r are ttio loadng to bo 
aonddarad. 

In general as wiU hare been noticed in raading chapter YI, extraordinary loads 
need not be conBidfltod unleas their effeeta exoead thoie of ordinary loada by abooi 
fifty per cent. 

In daeh bridges it may be possible, though it is not probable, that tha aontbiiMid 
alMt orr, S*, 8*. 8* and r may bo ao mneh greater than that of 1*. S* and 8* that 

the method of proportioning given in chapter VI will have to be adopted. If lliore 
be curvature in the track ir will alwavs exist with botli 1°, 2* and 8', and with 1", 
8*, 8*, 5* and 7*. Its effect may be ooubidercd as an ineremeut of that of V and 8* 
in proportioning by tha method of ohapt. YI, but it is to be noticed that it need 
bMreaaa the aeotional area of the ohord on the oonoava eido of tha traak only. In 
11* it is seen that the effect may be either C or T. but C must ba taken, aa tlie wind 
may actio eitiier direction and oonaeinently both with and againet the centrifngtU 
foraa. 
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Alibotigk the oentrifngnl force really reiltioes tlio stress on one chord, it hIiouUI 
not b« assumed eo to do ; for the (roins do not neooiwuily pius ov«r the bridge at 

tbcir inAximnm velocity. 

Passing to the bottom chord we may conclude nt oucc both fiam the tabic aud 
fieom oar general knoidedge of bridgei, (Jiai in tbrongh and pony trvM bridgM the 
Btrame will bo gnateol wLen the bridge is lo«ded. When, boverer, the bridge ie 
empty we have acting upon the windward chord S*, 4* nnd 6*, or what ia tlie same 
thing 4' and 8', the former prodiicin*^ C nnd the Inltcr T ; and as in moat cnscs for 
the bridges dealt witli in this treatise the former exceeds the latter, the bottom 
ehoirib dMwU be proportioned io ireelit ft eompreaMon of C«— Tt, the enbeeripto 
deaoiiBg fhe Imrisontel line to which the streBsee belong. 

When the Widge is kwded, V, V, 8* and perhape IV Mt together m m ordi- 
nary load while 1*, 2*, 8*, 5*, 7* and perhaps 10* act together as an extraordinary 
load. Where the Inttpr excectis the former by more than fifty per cent, tlie chords 
should be proportioned to resist the stresses produced by the second loading usiug 
on inteniitj of worhiog stress of 7. 6 tous* but otherwise Che stresses due to the first 
loading axe to be tftken^ nsuig an intensity of worhing stress of 5 tons. 

It must be noticed that Ti» affects the sises of flie ohord aeetioas on the con- 
vex side of the truck only, and that, althoD^ giTOtt as either C or T, T must bo 

taken, as the wind nets in either direction. 

In decli bridges IV cannot act, and ns tho effect of 5° in small compared with 
that of r and 8*. the loading to be considered is that of 1', 2* and 8*. For the empty 
bridge €« is not qoilo so liaible to eieeed Tg as in the ease of through or pony trass 
bridges, lieeattse the wind load earried by the bwer lateral system is less, 

BMBng to the poets we tnay eonelade immediately fhaltiisy take their greatest 
stresses when the bridge is partially loaded, in which case 1*, 2*, 8* give the oi . iimry 
nnd V, 2', 8°, T and 12' the extraordinary loadinfrg. "Rxcept in the case of very 
light posts the latter loading need not be coosidered ; but when it is, the post must 
be proportioMd aa dineted in Ohaptev VL 

Fasstttg to the mafai diagonals ve hate 1* V and 8* as the Mdhiary loajOng, 
and 1% 2-, 8* and r as the estraordmary loading. It la self evident that the latter 

need not be considered. 

The same remark applies to. the counters and hip verticals. 

Finally passing to the batter braces we may immediately conclude that the 
stresses existing when tlio bridge is empty need not be eonsidetedt henee the ordin- 
ary loading will be for tbrongh bridges, pony tmas bridgea and deeh hridi^ with 
straight track 1*, 2* and 8*. and the extraordinary loading 1*, 2*, 8*, V and 12*. It 
is highly improbable that the latter loading need ever be considered. For deck 
bridges with cnrvod track the ordinary loading will bo l", 2*, 8* and 12*, the bending 
being produced by the eentrirngal force; and tiie extraordinary loading 2*. 2% 8*, 7* 
and IS*, the bending bjnng prodnce^l by wind pressare and oentrifagal force noting 
together. As before, the ordinary load is the one nsnally to be provided for ; if not, 
the proportioning mast be done as directed in Chapter VL 
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To recapituliito ; ill tlirougli ami pony truRs bridges tlic (op obords mnst be 
l»roportioiieil to resist tlio uiiirorm livo lo;i(l, dc-ul lo:i(l and cn!:,'ine cxcdrs streeseg, 
aud ill deck btidgcH to reiiihl eitliur lliu aauie, together wilk curviitare etresues, if 
anj, or the eomkiRed live loftd, dead load, engine exeeMr ^"ioi and, If neoeanuy, ear- 
vatore stresses. The bottom obord« for throagli md pony tnuu bridges a«a to 1m 
proportioned to rc.->ist n comprcFsion cqiml tothodififereiicebptwcf u tlio wind stroftscs 
aud tiie reduced dead lond stresses when the hri(l;_'o is empty ; also either tke live 
load, dead load ougiue uxcess and, if iiceviisar}', curvature Blressos, or a combiuatioi) 
of tlio saoM with tho wind load tcnuoit. 

Tlia bottom chorda for de^ bridges have to resist a oomproaaion eqoal to tlie 
difTerciicc bctwcrn tlic Avind stresses and the dead load stresses when tJbe bridgo ia 
empty, and a tension due to tlio live loiid, dead load and engine exccsst 

Posts are to be proportioned to resist either the live load, dead load aud eogiue 
exeess streBsos, or tlieso oorobined with the trausfcrrod load and bending Rtr«ww» the 
latter being prodneed by a wind pro«»nre of tbirty poonda per square foot* 

Main diagonals, counters nud liip vrrlicftls have to resist the live loo*!, dead 
load and engine excess strcKKi s ; and b itter braces cither the throe last mcittioncd 
for tUrougU aud pony truss bridges, or the same combined with bending stresses duo 
to earrfttnre for deek bridges ; and a oinnbination of live load, dead load, engine 
eseeas, iranafaned load and benduig atreaaea for either through or deek bridges, the 
bending being due to the wind pressure al6ne in through bridges or to either the wind 
pressure nlone or thif> eombincd wind pressure and centrifugal force in deck bridges. 

As is customary in Agru'ing stresses, uniformly distribated loads will bo consi- 
dered ae concentrated at the panel points, aud the half panel load at each end of the 
span is not supposed to prodnee any atreaa in any member of the trues. 

lu order to foeifitate the diioalatiou of slroaaeii the ioOtoimag no m endii H tfa will 
be adopted. 

» s ntunher of paaela in BpAn. 
I = length of eaefa panel. 
< • d » depth of truss from centre to centre of chotde. 

h s= perpend icnlAr distance between central planes of trasses. 

0 sa iucluintiou of diagonal ties to the Tertical,in ein^e interaeotioB 

trU8BC8. 

a = inclination of short diagonals io the vertical in double ixitcrbcc- 
tton tmsBes. 

ff s inelinfttion of long dbgonals to the Tertical in double intenec- 

tionfniMefl. 
tf' -s the angle whoee tang^t ie 7* 

JVjsa live panel load on one truss ( t. one half the prodnd of the 
nniforni live load jjer lineal foot by the panel length). 

W^= panel dead load on one truss. 

jy ss ihdt portion of }K| couceutrated at tlio upper panel point. 
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wind pressnrc concentrated at a windward and loeward panel 

point when the bridge is empty. 
I^ss wind pressuro concentratiid nt a windward and leeward panel 
. point wben the bridge i» loaded. 

load tnuufentd from vindvaxd panel point to leeward pand 
' pointf when tlfe bridge is empty. 
IFta load transferred fi'om windward panel point to leeward panel 

point, when the bridge is loaded. 
IF, ss lK,— I)', = rt'dnced pauel.dead lood on windward truss, when 
the biid{:;e is ( mpty. 
panel load due to centrifugal force produced by carB : tlii» is 
' for convenienee supposed to be equally divided between tlie 
panel points of opposite trusses, althon^ this method may 
prodaca a small increase of stress upon the lateral struts 
aboTO those which will aotually exist. 
E = panel engine excess on one truss. 

Ei=s panel load dne to pentrifuyul force produced by engine excess : 
it is concentrated as is Wj. 
The first step in ealenlatuig stresses is to fill ont one of the following 
tables of data 

Bonblc Interaction Eren Doii)>1n IntcrsLH tinn Odd 
fiiagU; IntcrscolioD. NiiuiJmst of Ptwok. Muiubur of rttnck. 
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JLjK a, E ^ B ^ 

- IF aee. — 

ir, sec. <? « " « "~ 

J JF, sec. ^ = IT ^ s^^'- « = i ''^i = 

IF^tftii. 5 = W', sec. « » 1 _ 

i JK"tsui. ^? = i IFjseo. « » - IT B«, « 



^Etftn. <?=i IT* tan. « 



i JJ', BOO. - 1 IF ii - 



W,tan. =. t IT tMi. « - i IP-tall. « 

IFjtau. tf'= » IT 

i jr,tan. e'=^ MO. a - - £ sec. a 

t «-\ ^ sec /I = JL je ji 

i IP/AD. ^ -8 » ~ /ssee, /J 

7r>.an. » 4 ^i,' tan. a = i- JB lee. « 

i W,im. 0 = W.Xan.d- = 

IF,taii.5'cr i JF.tan.tf'a 
i.^.laa.tf'^ Jy^tZ^'I 



IPatftll.0'= 
1F,taD. 

IP^ tan. ^ == 

tan. $ - 



fP.tan.^ « 

IP,tan.^'8» 
i IP,tan.0'«- 

£ttaii.r«* 

^ Tbo Tftlno of IF| m&y he takeu as | )Ki for through bridges, i Wi for pony truss 
bridgn Bad } JFi for deck bridges : in ahort Uiroagh spans thif mum a nuU tnor 
on ill* lidtt orMfety, iod in •hort deck spans » MCXMpottdiaglj audi sifor m IhB 
side of danger. For the hitter it might bo well to make = I ir, 

Having fiUc'l out Ww table of data, the uext stop is to draw a skeleton diagrara 
large ouough to coulaiu all the stresses aud seotioas. It la not uocoasary that the 
diagram be drawn to leale; lint the ratio of panel kogth to depth of IriM en the 
(ysgiani, for the sake of Appearance, should not vary too grMtly Irom the latiA df 
the aotnal TsloM of them dinMosions. ▲ panel length of an uuh and a half* and a 
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depth of ivo uMhis and a balf, an ftbont M intRll dinumioiit M will befo«ad«Mi< 

Tcuieat. 

At eodi lower pouol poini wiito lightly in pencil, so that it can be after* 
warda enaed, the munber of Ibe panel pointy begiimiiig vitb lero at tihe light'liaiid 
•ad of the span. 

It is well known, niul will bu acceptcil hero witliont proof, thut tho groatoBt 
stresses iu tlio chords and batter braces occur when the bridjj;e iseatic«Ijf covered by 
the moving load ; that the greatest stress in ouy diagonal edati vJban the Itva load 
OKtandi to its foot from tbat end of the Uvidge towards wliioli the' diagonal poikiti In a 
(/otr/i tranf direction ; that tlio greatest streHS iu any post in tbcoogh and pony truss 
bridges occurs wIkii tLc main diagnntil for, if there be iiot!«», wlien the heaviest 
ooonter) attached to its upper end (or iu deck bridges when that atttvched to its lower 
end) reoeivec ite greatoiA ilrees; and &atUie two ^agooafai of a panel eaanot at ilie 

same time Ite eolijcofed to the lame land of atresB, ezoepting* of e<Hirae, the initial 

lonsiou. 

It is apparent that when tho greatest stresses in all the diagonals sloping upward 
in one direction, and in all the poeta and chord panels on one side of the central 
plane, are fbiund* the greateet atresiae in the diagonala eto^ng in the oppoeite diree- 
tion. and in the poets and ebord panels on the other side of the central plane, eanba 

immediately written. This fact is so well known, tbat, iu making a diagram of 
stresses, it b osnal to write the atressee on only one-half of the members of the 
tmas. 

First let as investigate tlio stresses doe to the oniform live load ttA ttM dead 
load, nnd begin with a singlc-iutcr^ctiou through or pony trass bridge. 

The greatest stress in any diagooal sloping oj^ward irona right to left can be 
foaid bgr tha ftrnnda 

where »' is the number of tlie panel point at the foot of the diagonal. This formula 
Isapplieabtetoeoitntenaa wellae tonaiii diagonalB. If lha streia -ahoold oona 
Mt negative, it shows that no counter is needed iu tho panel OOOsldiMd, II ia bIm 
•pplicftblo to tho hatter brace by patting (n — I) for m'. 
The stress in aoj post eao be found by the fcnnalai 

where n' (not less than f) is the nurahcr at tho foot of tho post. 

The stress in any panel of the lop choi d m given by the formula 

where h' (not greater thim |f} is the number at the end of the panel nearest to the 
SMdia of the bridge. 

IhailNMiBa^faMloriht hoMsttahiva, m&fkUm «Mal«ha anloflfat 
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1/ httftng (ho same valuo as in the latt fonniili. For Ills eod puwl, Uie AfawM ii 

the nme as for the soooiul jmumL 

As tlift valneB of - Mept md Fi see 9, an ghran in Ilia biUa of dAta, (ka 

anbstitutiou iu these fomralM is a very simple mattor. 

The stress iu the hip verticals of any throngli or pony trnss is eqnal to oho 
half of the door beam load iiicluiUug its owu weight plus the weight of a pauel 
length of the lover diord, II 11 not neeesaeiy to ealenUto thii eltasa fo« MDgio 
tnek Iwidgee, m tiie eeeliaiui required for end mmo of bip verlieale for ell praeUeal 
oases are given in Table VII. 

In deck bridges the Mp verticals sustain only the weight of a panel length of 
the bottom ohord and lower lateral sjraieiu so that two one iuch rods will bo suHl* 
oieut. 

Tlia on^ other diffatenee betmeii the alreaaaa in » deek liridge and Ihoee in n 

corresponding through bridge will be in tl - 1 asts, the stresses for which are to be 
fonnd by lotting the live load ( xteud from the fartLudl cud of tlio briJgo to the top 
of the post; so that tlie post will no longer take its greatest stress with the nuia. 
diagonal attached to its top, but with the one attached to its fooL 

The ftunudn for post alraaies in Bingle«intenMetion deek hridgea is, ttieninra. 

Some onginoers may object to rising fomttlas for figuring stresses : if so* the 
following method will give the Siimo results for single-intersection bridges. 

Pass a vertical plane through the middle point uf the boUom chord : all the dead 
loads to dio right of Qm phwe may he considered to go to the right-hand pier, and 
all to the left of the plane to the left-hand pier. Blioald there be a post at the mid* 
die of the faridgei the weight at the foot is to he ooneidered as halved, one*Iialf going 

*b ''The XMgalag of Oidloaiy bm Highway Bridge '* tJhis ta^^ 

TUawM«btiiia«diiiid«riliesnppodti(«ftatibel(Mid IFoBtopof tite pcet ts sse s dwrn qi» post 

before being S4'ii.*irat«H! into tbo portiOM which go to the rt£fht and loft, bnt the nathnr htut comiy 
to the oooolusioii that tho portum, which pMMS to the furtlfi- ond of the span« goes down the 
main dfaifoiuils as eouptMnOtt or ia raallty as a vednelioii of uusioit. Tb» «rMr in tiM last for* 
is upon tlio s'ulc of safety and varies bctwoeu z»jr.> and ~ : iiit)r«.M>v<.'r '\U jfrcati-st ffTci t is 
upon the posts at and near the middle of the span, which posts in manjr cases have nociiasarUj 
greater tectionji than the streases call for. 

Bosidoa the load oomss more (jnirkly uixiu tli<' iH>st.s of (l<'^k I>ridge8 than Upon ttws of 
thfough bridges* MOM engiiwcnmigbtpr^ to ate the less oocreet f ^mnla. 
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to eB«b i^iot. Tlion tbc stress in any mftlu dBagonnl of Ibo left-hand luUf of tho 
bridge is to b« found by comuendng aA tbe r%Ut*band end, and adding the nntubors 
•i the panel pouita nntil tbt fool of Qio diagomd considered is reMbed, unltiplyiug 
1h» nm by ^ Tf^ aei> 9\ ^ tlMprwIiiel addiiiB the munber of paml dood loads 
boiwBQu ihi oMrtnt ^«im and Um piiml point tA tlie foot of ttio diogooftl oonndorod 
(indtldiug the one at this point) mnltiplicd by Wi Rec 9. 

For instance, in a ton-panel bridge, tbe streos in the ond amin diagtBiol, tho 
utuobcr ftt its foot being eight, wiU be 

(1 +2+8+ ele; . . . + 8).2^A +U+1+1+1)H^,MC tf. 

The stress In d coniifnr nn tho riglil-hiuil 3ialf of the bridge will bo found by 
adding the uambcrs at tho punrl poiulsi luilil the foot of tho conulor conaidored ia 
reached, multiplying the snm by ^ !>' .sec ff, and from ibo piodnct subtracting tho 
dead- load- stress of the main diagou<il wliicli crosses the coontcr. Thus, in tbe ten« 
punl biidgo, the ttnaa in tbo Roeond oovnlior from tb« Motre in tbe nght-hMid linlf 
of ttit wgKU, or tbo «M nt tho fooiof tbo thud poaol point, it 

(i+2+S)-^^-U+l)»'i*eoi?. 

grofct o rt stTMs In any post of « thnngh or iiony tnin brid|fe is foimd by 
adding IT to Ibe Twtieal oompooont of the gnateat atvass in tho uafai diagonal 
ntlaohed to its nppor end, or |^ TF + IF* in eaae of a doek bridge, thns in the os- 
snmed bridge, whkli may be talx-en na a tlirotigli one, the stress in the fint poai 
£rom (ho loft-liaiid oud, or the one at the eighth panel point, is 

(1 + 2 + 3+ etc.... + 7)^+(*+l + l) Wt + W» 

For the case of a middle poet, the stress in one of the counters at Uio nppor 
end nitist be .suh^^titnted for that of tho main diagonal; thus, in tho saiAo bridgo> 
the steess in the middle post is 

(i+2+a+4)2^-i ip,+ir. 

The stresses in the chords aro to be found by tho following method :— - 
Pass a plane through the foot of the post at or nearest to the middle of the 
troflfl, and toko tho centre of moments at this foot. From tho momoni of &a n- 
•MioiiattteBenrostoud of .ttio bridge ottbteaet' tho 'Mm of die imnnenta of thd 
\)\\n<f\ loads (IT") lying between tho centre of moments luuT this end, and divide the 
dtflEerenoe by tlic depth of tbe truss. The rcmU will be tlie stress In the panel of the 
top oliord nearest the centre of the bridge .* it will be some multiple of W" tan ffi 

The siMss faiths panel of the bottom ehordiamodiatelybsloirviU be eqnal to 
llieew tad, liM IIm hMiaoM eAnpoMtof the fliaia iK^eiM^^ 
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Um bridge ia covered by the moviug load. Tbis horizontal compoueut will bo soro 
teftlniM vUhMiocUlnaiBUrofpaDela, &ud i W ' ton te«4nMirilh«i0vaB 
mimbcr of puMb. 

Till t i iii tlio next panel of tbo bottom chord towards tbe nearest end of 
the bridgu is fouud by snbtraoting from the ono already dcterrainod the horizontal 
oompooeut of the stress in the main d'tagonal at the pouel poiut betweeu tbo two 
paudt eoofidend; tii* bridge, m Mbre, beiag fully lottdtd. Tins Donponmi.M ft 
nmllipl* of IT" tea 9« In tliii way «m be gonnd ril-fhti tiiH iM in tin > i»df cf tlw 
bottom obord, tbe oorrectncss of the \rork being obeeked by seeing if tbe stress in 
the end panel bo cqnal to the re-action mnlliphcd by tan 0- If so, the rcninininp; 
upper-chord stresses may be at once written by inspection; for tbe stress iu the nth 
p«ad of the top ebord, oonntiug from tbe neinet pier or ebntoiMiti and nipplying 
tbe nusong pand at the end, ie nnmerienlly eqmd to thatinlhe(f> + l)t]i panel 
of the bottom chord. 

Next let ns consider the ■Sonblc-intcrsection truss. 

Tbo formulas for this case are so complicated that it ia better not to cmpluy 
them. The aimpleet method ie to draw a skeleton dUigraa, and mtmber the panel 
points, as in tbe autgle-mteneotion truss. The donble-inteneetioa trotf feaOy eni* 
aiate of two tnnees, aa may be seen in tbe aeoonvaoying diagrank 




A 



8«oh a division is neoessary in order to caloolate the ehord strseses wU«n tii^ 
tnns eontafaia an odd amnber of paneb. Thia ia aeeouplidied by flndmg by the 

method of moments already explained, the chord stresses iu each of the triisscH shown 
in Figs. 2 and 8, and then combining them. Thus tbe stress in panel 0-10 of the 
lower ehord in Fig. 1 is e^oal to that iu panel 9-11 of Fig. %, plus that of panel 8-10 
ofSig. 8. 

Tha Kfo-load aliaia in a^y diagonal akping ivwaid bum right to MIta frand 
by noting wliadur the lUDBhir at iia Iboi ha odd or even, then tivkiug the bum 
of tbe odd or oven numbers, from ono or two up to the number at the foot of 
the diagonal, and multiplying the sum by ^ sec a, or sec 0, as the case may be. 

Tbe stress due to tbe dead load is found by taking tbe siim of tbe same numb- 
era, and fiwm it ralitraeting tlie aam of the odd or eren ninnbera.lltoni one er twu np 
to (a — n' — 2), where n is tbe number of panels in tbe spaa, aada' ia tbe number 
at tha.fooi of the diagonal eoaaidered. V^hetbsr the odd or tmaambera ahonld be 
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taken cim bo aflcorfaiiiptl hv following ont towanU tho loft the wstpra to which tho 
tTin^Toiml belongs : if tho svfitom rnntiiin tlio phort cli agonal at that emli then Iho 
cvou immbcra we fu be talvciu, ytbci wiiju U;o vld ones. 

IlM>difieroiMeiliiufoiuid«maiayUodby J!l^ or a:i tho caso 

may bo, will give ihc .lontl-load stress iu tlio ilingoual. Thus, in th© di»grM»» 
dead-load sUress iu tUe main diagonal at tbo panel jraint 10 is • 



[(2+1+ etc. + 10)-(1 + :J)] 



M 



As in the case of the single intersection, the stress iu a main diuoinnal i?^ cq^f^l 
to tho snm of the live an<l dead Imd stresses ; tliat its a comiter, to tho dillercuco 
between its livo-ioaU stress uiui tiio dead-load stress of the main diagonal erosaittg 
at tlia middlo of ils length ; that in a post of a tLrongh or pony (rn«8 bridge, hy Uio 

Rnm of IP and tho vet fieal lyiiipout nl of the greatest stress iu the uiixin diagun vl 
(or. if ilirro hu ti);,L Hi Lic i>i iiiLii. tI rnniitcr) nttnche.l U> it^ upper eii<l. As 

the batter braces belong to both byateuis of triauguktion, Hioir blrosscs arc tho sum 
of tlto stresses found hy each system, or by the formula 

©-[i+2+8+.t.. ... + {,- miaii^^- 

If the number of i,)auels bo even, the calculation for tbo dcad-ioad strosiics may 
bo iBMh itoplified by coouting the noiuber of panel points on the ■yatom eonudered 
lying betwflott the eeutral plane and the panel point at the foot of the diagonal, 
including the latter, romenibeiing that Ute load at the ukiddk panel is halved, and 
Banltijdying the restilt by TFi sec a, or IKi sec /3. 

The finding of the chord stresses is also simplihed when there is an even number 
* of panehi ; Ibr they ean then be calenlated by the method esphuned for the eingle- 
intereeetiontmsd. 

Tn fiu<l Iho stress inapostof a doublo-iutcrscction deck-bridge add to;;olher. 
!ri W, W iiu l tho vortical component of the greatest stress iu the priuoipal diagonal 
attMihed to its upper end. 

The atresaea inhip mrtieala are fMind in the lame manner as in dugWinter* 
•eetien tmssee. 

In every double-intersection truss, there is nocr^,iiIl\ a little ambiguity; for it 
is possible that the whole of iha !<> ul concentrated at tho tirst p uiel point does not 
travel by the systom of odd nuaibcrs ; but this ambignily is a mailer of small moment. 
Hmi lot ns ittvestigate the stresses dno to engine exeess. . la every ease it is 
beUer to assamo tho worst possible dbtribntion of the loads in oalculatiug the 
stresses produced thereby. Thus iji the duublo inter section truss the pi c;»lcst elTect 
npot! tisc weh members U ff»!iiid In- pi u ni a c ir belwoen tho two loconiotivL-j', whilo 
that upon the top cliurds usually reijuiics the locomotives to be coupled logfther. 
Agabi, In both single and donbte interseetiou trasses the greatest ehord stresses are 
obtained by phMing oars In front of and behind tlie loeoaiottves. 
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It may nppoar to somo milcrs tli:^! iho ctfoct of the on.^ina rx^nuimi ilir c)ion1» 
IS PTn'»?'ornfi '1, in lliut • w ir^;^ pnsitifm is cliosr'n, l>nt it iiiUhI 1»p ! fmoinl«crctl \h\t 
cjigiiioa arc occAsiiiii.ili v p»\co icil auil fullowc.l by cars ; tliiit may uot occur oitcn in 
Japiiii, but it is ujI uuuaua! in America. 

Tlio greiif«8i strasses in tho top c1ior«ls exist wkon the teatltns ongiiie excess is 
at that cnil of the panel oonaiifawel lying ii«ftr«st tUs ooutro of the spAa. Tho stress 
is given liy the cqn:ition 

<7=(2tt'-.l)(«-»')^'tMltf 

for ftiiiglo iiitcrieetloii trusses where tho panel length is not It^s than eighteen feet, 
or by the equation 

C = 2(ii'-I) {n-.H*)^im0 

wljcn tiio pmel length is less tliau eightecu fcot. For ilonbic intcrsfctiou trnsscs 
tlio formula is 

»' (never less tli ui " i lu inLj; tlio imrnbcr of tho panel point whore tho Icrnlinq; engine 
oxfo-?<^ ro^t<. Thi-i l.i^; fonnuli fiiih to givo tho [jn tfest stress in the first panol 
of the top clmnl of (linible nitcrscclion tru-iscs, \Yhon the uuiubor of pancl;^ cKCCCtU 
oleren, hut as the orror is a vciy oni ill ouo on tlio siilc of diui^ior, auil a« there are 
soltloiQ more thftii eleven )mucl!(, the furinnla may be taken A3 eorroct enough for 
allea^es. The reason fm- the cxifilcncc of tho error is tliat iu donblc iutersoction 
trii'^fos Iniving uioro than eleven panels, the end lenL'tli of the top chord takes its 
greatest stress when l!ic cn<;ine excesses are .scp iratt il by one pane! j)oint. 

Where tho number of pancU is oilJ the cjiyiuo excess stress in tho middle 
panel of the top ohonl is tho Siime as tliat in the cousecatiTO panels, fouuil by mak- 
ing «' M ^-jJ in tlie formnlii. 

Tlie stress iu tlio firht n 1 ^l i n i [^ wtvU uf tlio bottom ohoril in either single or 
ilonble iuterscetion trusses is given by iiio fomula 

T= {2tt-'i) ^ taQ 0 [or inn a] 

except for the ease of single iutcrseetion trusses witli panels less than eighteen feet 
In length wlion it is given by 

r«2 (»-2) tan ^ 

Tn f*ini:!c intrrs( ction trusses, where tho panel !• i:i:'(li h not less tlian eighteen 
f<'f t, the slres.j in any (jthcr panel of the bottom i honl is givi u by the ci^ualion 

r=(2 m' - 1) ( n-u')^ tftu d 
and vhero it is loss than eighteen feet, by tiio eqnftlion 
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where «' (grcator tli;ui ^ ) isf •I''- iuiimIm i .d tli it cml oi tln' painl coiihiilcml lyiny 
uoxt U> Uic nearer cuil of llie 41:111; lor the buttuiu ciiuiil iu ilie>iu ca.s«;s tukes ita 
Croatwt stress wlicu Uie leadiug euyiue excer>ii u ut lliut cuil of Uic puiicl cou^dcrcd 
fartkwt from centre of the spau. 

The last fonnnlu fails for ilie ease of a luiiUlle panel, wUeu tllO llttiuber of 
ptfneb u odd: Ju (liis ciue tUe eiresa it given by tite formuU 

Iu (loulilc intcrsecliou Irus'^c.s llio strcsu iu any oUier paud of Uio bottom diOl'd 
tlion tlio firht or secoud is given by Ibo e<iu»liou 

Ts= 2 («'— 1 ) C« - - tail « 

wLore iif (uot less Ibau 4. 1) is as bcforo the nniuber at tUc vud of the panel 
fiirllieet from the lero end of the apan. Thb limitation exelufles the onIcitl»Ung by 
tlitt Imnralft of the strofls in the muldlo panel of every tra«s having an odd 

number of panola; but such a calcnlitlon in nnnoccssury, for the {froatcal engine ex- 
cess stress in the midillc paii'-l is cjivtl to {hnt in ihp next frtii..-<=cntivr itaiit l. From 
tLis formula it is ap|>arcut that all the panels of tho bottom chord, excepting tbu 
fini and seeond horn the endi» take their greatest etcemaa when the engine ezoowoe 
lire 8cparat«il by a panel point. It ma soon that eaoh i« rarely tho ease vith the 

top c'hoiil paiuls. 

Tijc ciii^;iiic excess stress in any mniu diagonal or counter of a «inj;lu intt rscc" 
Uon truss, in which the panel length U not less tbau eighteen feet, is given by the 
Action 

imd, if tho panel length -bo than eighteen feet, it is given hy the eqaation 

3rc:2(M'-l)-^ 8ec ^ 
Pof donUo inteneotion trasses the eorreeponding fomnda is - 

T = 2 {n'~ 1 ) J]' s<ec a, (01 sec >0 ) 

For winj^lc inl<>rseclion thronc^b or pony truss biiil;^;c, wlicro the panel length is not 
less tbau eigUtccu feet, the engine excess strosa on any post is given by the 
AviiiuJa 

anit irhere the panels are lees than eighteen feet, it U given hy the formtila 
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For.ilouUlo intonoetiou truwica Uto ibmula is 

For deek brulgfls tlio corrosiwrnding formolie uro respoctively 





(2 


1) 


M 


c = 




1) 


If 


and C' = 


2(ii'- 


M 


M 



It KCfiiis iilinost ni ei1!o-s8 to siiy lliat the engine excess, being merely a convLiitioiml 
luiul, »li(iiiUl nut be used iu iluJiu<; hU'osii«s in liip vcrtiaUs; but that the mctbod 
previotttily given Ubes into ftcoonut the piuiel engine loeti thongli not tbe ougiuo 
ntefn. Tlia mo of all tUo prcvions fornuiln UMy dirajo b« avoiiloJ by employing 
Tables IU nuJ IV, which give the greatest Bties.scs duo to iho uniform live load, 
Uic de:ul U)ad aud Uie fiugiue excesses oa tUe various members of trusses fox all 
prftclicnl caaes. 

The wind slrcHi on nny \\ in l\v pAUol of oitlior (op Off boUom obord wltOU UtO 
spau U empty in givcu by the ci^uutiou 

nnd tUat ou any leeward panel by tbe eqputtion 

where w' (not less lli.ui "i is tho niiiiil-i r lU (Imi cml nf tlie panel cousidcrod which 
lies nearest the centre of the span, liie corrospondnig wind stresses when the wpan 
is covered by tha moving load can be found by niibiititutiug M', for ll'jiu the last two 
eqnatiottfl. It is obvious that these eqimtious apply to throngb, pony tmae and deek 
bridges* Their nse may be avoided l^y muployitig Table V, vbieh gives tbe vmd 
VmA curvalurn strossts for all practical cases. 

To ftscertaiu the amount of the transferred wlir»ii (he briilgo is empty. 
Lot A = vertical disUiuce between hori/.onlul pluue of bhoe plates oud tiio 

eoutro of gravity of tho vertical projection of the trasses 
and i> = total wind pressure per lineal foot of bridge on both triissest 
Then the ovoiturninif inAtnont will ho ;< //, wliirh is a couple formed by a prcs- 

snrc /» nnd an equal horizontal reaction (. , where /' is the total horizontal reaction 
of tlie the fotu* kIioos nsid S flic length of span. This must bo resisted by another 
couple of e<iual but opposite momcul. Tho foroea of Uiiii couple oau only be a 
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rclcui>Oil w«'iglit ir^ upuii the wimlward Irvf^n nml mi iiici-eawd fNsigUt of Um MUM 
auiouul nyou ilio le«ward iruiu», wkioU will ^ive Iho c^u;iUou 

Att nj>|»roximntc vnhie for llic overtm nitc^' moment can l>c fomul by calliii;: / ' the 
l)rcaiiuro per liuciU fout of a^m cuuvculiMtctl upou lUc upper lateral byblciu, tlicu 



and = 



Tlut latter valna of in la not ro ezMl m the Jbrmer, but is miMh more eMitly 

calculated. 

Tlte trftusferreil panel load n'« of ooane eqoal to tr^ I, luid tUe mlaoed pauel 

oaii II', = ir, - ?r, = ir, - »r, /. 

Ttie feOoiriDg table givcH npprosimnte Tallies tat ir« for tlio eaiKle tmok tliroagli 
bridges of this traatiae 



loc/ 

I I 

no' 

IJC' 

ISC 



i6o 
180 
aio 
i;o 
240 
350 
a63 

«70 
ftSo 



!l 



1 7c' 8. I. 
17:/ D.I. 
iKc/ S. I 
iBC D.I. 
19c/ 8. 1. 
I9(.' D.I. 
aoc 

•10^ 



J 40 

540 
380 
400 
440 



Spas 



lie/ 

IJC' 

14c/ 
15c' 
160' 

17c' 

19c 



440 
460 
480 

JOO 

510 
540 

560 



The Talne of «r«« the icftnsfemii load par liiiaal foot of apaii, may be eakolated 

as follows. 

The wiud pressure of 240 pountlg j>cr lineal fuot aclij with a leverage of ultont 
eight feet, producing au overturuiug mom«ut uf d x 2iU = li^^ foot pouuda. 11 iu 
the eqoattoii 



V4 



P'i 



wc substtfntc w-i for i'\, uud /»" (the ptc,s^,nre per liucal foot sp-ni uikhi the upper 
lateral tsyuteiu, when the wiud pressure i» tliirty pouuds per b^uat 0 foot) for p\ and 
add IMO foot ponndfl to the momant, ire will faaye 

f'd H- 1020 
J 



From this o^oAtuw liaa bccu prepared the following table* 
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Span 














940 


L Kb' 




99C' 


4tO 


£c 


3 jo 


.7/s. 1. 


}IO , 


9? ' 


446 




960 


.; -'!». I. 




94 c/ 






970 


: ISO'S.!. 


JJO 1 


95-0* 


480 




*P 


■ 1 «&•!).■ I. 




96li' 




He' 


iZo 


19c/ 8. r. 


> ^ i 


97(/ 


5'> 


IJC 


?«} 


ly'D.I. 




9«C/ 


3P 




993 






«9C' 




ISC 


195 


1\0 






560 



It nifty be nolicetl tli it tlicso values of trj do no! fi;crrf»c exnctly in all cases with 
those used iu l)rci>nring Uie clirigiams of sdcv os wliitli lu < omj.iuiy this treatise. 
Botli valnes ar« tneicly aiipi-oxiuialc. but those in the tublu .no i>iefeiftblc. 

The roftBOQ for the di«»greemeut is tlmt tlie area per lineal foot of span opposed 
to the trind liad firU to beiMsviusdaiid aflerwanls checked. As the disagiccnu nt 
vai-ie« from zoro tn only Kr>von \<or coat of ihc transfoi i i il !o;iT, aiul as {he latter is 
but a small portion of the total load, it is uot woclU wliiJe to correct the diagrams of 
stresses. 

. The fomralae for the stresses dne to TKf imd TK, wr« idoiitioal vitii those for 
U',: they can cither be obtained from the previons part of this ohaptor, or from one' 
of Tables III ana TV. 

To cak'uLito the values of W; and f'\ 
let r — maximum velocity of traiu iu feet i)er cccoud 
$ = acoderatiou of gvaTity 
r s radius of the enzvo 

u? s= — = live load per foot of span 

and ti^sB ^^^ss osntrifogol force per lineal foot due to car load 

For sixty miles per hour r » 88 ; and jjr = 82.2| theroforo 

,r (88)- _ 2 Mr 
82.27 - ^^T* 

from which it is evident that^ in order to make tlie centrifugal force have Uie samo 
effeoi as iha live load, the nidhis of the earve must bo 810 feet. Generally ii is not 
mooh less than 1,000 Ibet, eonseqnently the oentrifiijsal fnroe seUom prodoees stres- 
8CB one fourth as great as those dae to the live load. In a simikr manner we can 
establish the equation 

l!;,= 240 — 
' r 

The fornmhic tor the stresses duo to H'. arc identical with those due to IT', and 

The formula for the concave side chord stresses doe to £], viiou the panel length 
is not less than eighteen feet is 
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r= (2«'-l) (ii-n')-^' tan C 

wliorc w' (uot less limn 3) b tlic iiutiibor ut tiiat oml of tUo panel considcro l iifarost 
tlio mtdille of the span. 

"Wlieu (lie pAnel leugtk is less tiuu ciglitoeu foot tkoformnta is 

« 

C-2 („'-\ ) fH-)(') tan 6' 

Wlirn there h nn odi.l ninnbcr of ]\iucl4 Uio sU'm in tilo middlo pAuol i« tbo 
smnifi lis that in the next couseculivc panel. 

The foriuulii for IhS COUTOX sido eliorcl hIvosh duo to A'l, when tho panel IcugtU 
in not loss tluin eiglilocn foot is 

wlicro n' (^Tvoalor tlmn ^) in llic number nt thai end of llie panel considered furthm 
from tho middle of the spun. For a middle panel, when the numbot of pnttols is 
odd, the Rtrcsii in Ute'^iue Mi for the next couttoculivo pauel. 
If tlid paiMl longth I10 loss thnn dglitoon feot, tlie fonmilft is 

Ta: 2 (n'-l )(»-»')— tan tf' 

TliiD ticing inapplicoblo to tlioooso of aifiiddloptiiieU wliontliounmbfv of jumels 
i« oiltl, tho (blloving fommla is to be thoro vsod 

As before stotod those stroaoes due to onrvAtnre oan bo fonnd for alt proetioal 
easCfi by consultint,' TuMo V. 

To rccupituhite : iJio following are the slops to bo taken in calculating the 

sLi-essGs in the li usaoa by lucftus of the tables, 
r. Make table of data. 

2*. Find live sud dead load stresses. 

8*. Find ctuvnfinc stresses npnii nnc eliord, if f\r\y. 
4*. Find win l stressor nn iTiiulwar-i bottom cliord with empty bridge. 
S*. Find reduced deiul loud and llio a>rrcspoudiug lower chord stresses, when 
bridlge is empfy. 

0*. Determine whether the bottom tImA wiH reqntre to bo stiffened ; and, if so, 

wbat stresses it will have to r( sist. 

7*. Find wind stresses on windwavil top chord of deck britlg^e, or on Icoword 
boitom chord of through bridge, when the span is covered by the movhig loud. 

8*. Find diuinntiou of stresses on wiudvord top diord of dook bridge, or inero* 
ment of stresses on leeward bottom chord of through bridge dne to load transferred 
by a wind pressure of thirty poun 1:^ per f^qiiarc foot on trilflses and train. 

0'. f'oitiliine tlio stresses found by 2' and 8'. 

Combine tiic stresses found by 2', 0', 7' ftlld8% 
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SIBESSES IN LATERAL SYSTEMS AND SWAY BRACING. 



Withont makiug any material error Uie wind pressure, for the parpose of sim- 
plifjing oolcalatioD, may be considered as eqiiiUly distributed bclvecu the two sides 
«r Ot» bridge, ullhoagli tha windwud nde dp«s raoeiT* tbe larger •Inure. 

Wlieii the Iniclgtt is cmpfyi the stcen in eiqr ]»lenl rod eon be Inand bjr ike 
fonnnUi 

and tliat in any strut except tUoso ul the ends of UiO lower lateral system by the 
formula 

wlicre IV h the snm of tbe pressures at a windward and leeward panel point, ti the 
nniuljcr of ; tnols in the wind bracing connting in the two Inckine; nt tlif vmh nf tlio 
Upper iatcrai bracing in tUrongU bridges, n' ( not less tlian ^ ; tlie number tit tiie 
leemurd end of the rod or at either eud of the stnit» the pand points bring nuurfced 
as directed in tbe last chapter, and g the angle that tlie rods make with tbe struts. 

When tbe moving loarl I.s upon the bii<lyo tho stress hi any lowor l.doi'al kkI of 
a through or pony tnus spou or iu ouy upper lateral rod of a deck spou cau be fooud 
by tbe formuhi 

and that in any eermpooding lateral ilrvW exeept those at the ends of tlio lover 
teteral system and any stmt at tlie middle of the span» hj the formida 



* TUa totmaila <■ not oMt, wil, «b MeMoitol Hm MaUgi^ io fhe divfaioiii «t triad IomI 

lii lwicii wlijilvvtir.l mill li'<-«:iril |>aiii!l ]> >iuis It vvniiM 1>ij ilifHciiU to luako it so. It gives iu every 
case « stms graater tlum tluit which could ever coiuv upon the strut. TUe error i» never vviy 
hKg% !■ grtfetat (or the Hglit vtrali Mar Um eaatieef the »pm, rddooM t« MMly wen tot 
th»lMaTifrstntUiMerkboaiDd«ttlwii|Mii. The mnw Mourli anplia* to Rq. 4 of ttiti ehepler. 
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for a imddle strut in a span willi an even niimlMr of panob iha fonaaJa i» 

wber« IF ii tba pueesure on die train wliioh ia eon«entrA(oJt at ono panel point or 

210 times iLe panel length in feet divide*! by 2000, Wi is the panel pioasnro apon 
the loivor half of the trn'^ses and the floor f>}'st<>m, eakuhitf l for a wind pressnro of 
ibirtj potmds per square foot, aud tUo other ijuautilics havo the same voluaa ait 
before. 

When the span is omply Uto strees in tlie lower lateral strat at the free end of 
* epaii is given by the following formnliv 

where lf« and are tlio panel wind loads (both windward and kewfttd) for ll» 
lower sad upper systems respectively, / is the length of span, G the doil load per 
lineal foot of hri Tge nii 1 Gi the reloased load pec lineal foot auder the assnmed 

maiimam wind pi-cs.suro. 

When the a^pan is covered by the moTUOg load the stress in the same member is 

giveu by 

where W', is tlic total panel load (both windward and leeward) for the lower system 
i. c. Uie sum of the fixed and moving panel load?, the panel load (both wind- 
woi'd and lucwai J) for the upper systoiu at thiity pomids presaore per squoro foot, 
I ihe length of span, G* the anni of the gsenmed Ute and dead loads per Ibeal lx>i 
(theengbe exoesa is nol oonsidered) and (7i'the released load per lineal foot under 
a pressnrc of thirty pounds per square foot on trnaeos and train. 

The stresses in Eqs. 1 and 8 are to be increased for initial tt nsion as ilin ctel 
in chapter YJ, or, what amounts to the same thing, these stresses are to be used 
and tlwsiMS of Che tods determined by TabloTIriiodUiestreasesinEqs. S,4|5«iid 
6 are to be increased by the sura of the components in the direction of the strut of 
the initial tonsioiis in sJl the lateral and Tibration rods meetmg at the windward end 
of the strut. 

If the traclt upon the bridge b«j ouryed, Uie slretuies upou ttiivt lateral systeu), 
whidb resisia flie eentrifogal foreo» are to be found by adding to the value of TF ia 
£qs, $, mid i. the value of IFr from the lost chapter, and by oombining these 
stresses with those dnc to the Ottitrifiigal fonie of the engiiia Sdtoesa as oatoihtted 
by the following fomolao 

c;«,2(»'-i) f* • > 
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or 



ftud 



wlicro u' (not less than M tilfrlUlittber at the leeward end of the member con- 
sidered, and F.i baa the same value as in the last chapter. The first group of 
equation*^ is to be used when the panel length is less than eighteen feet, and tlie 
second group for all other casM. At balore d reprtwnti ilw •trw in ^ iMW 
ktonl stral ftt ilw free cod of tiii tpen. Tliese ttewMS for oil prMtioal eooee tm 
gnvi in Table V. 

The mellio<l of calculating the stresses in the vertical swaj' brachig is as fol- 
lows : the part rekting to single track bridges is essentially tlic same as given by 
Prof. Wm H. Burr in hie tEefttieo MH **8 toewwfl in Bridge anil Boof IVaaaes " The 
loads asaiiiiiod. vnlefls olhenriee etoted, we ttum oblei&ed imder a mwiinmn wind 
pressure upon the empty bridge. 

In Fig. 1 let P be the pressure concentrate 1 at the upper panel point on one 
Hide of the bridge : it is that which comes upon a panel length of top chord, one 
half the area of the diagomls meeting at the panel point vben flio taroae is ringle 
inteneetion or one fonrtli of eeid area when the truss is donble intoiaeotion, and the 
portion of the post above the plane A B. LetP' be (hepMegare oonoentoated »tOD« 
end of the iiitcrnicdinte strot J K: it in that 
which comes upon one half of the post or the 
portion betiroen Vb» planea A B Mid 0 D» 
ibe latter being htX my between J K tad 
E F ; also, in double intersection bridjcK, 
that which comes npon one hilf the area of 
the main diagonals and counters coupled at 
E, which point would flien be nddway bet- 
ween H and F. 

The pressures concentrated !\t the feet of 

the posts do not nffcct the vortical sway bra. 
ciug» so are not considered. 

Let <(, /, and reprluent (benieaiiiM* 
menta indiaaf ed in Big. 1 

The total pressure 2 (P + 1*')= ^ is Assu- 
med to be equally resisted hy the feet of the 
posts : this assiuuptiou is probably as correct as any other that can be made. 

Trilling the oentre of moments at E» the moment of the presenre Is 

1 p d 4. a p> jd-f) 

* Tlieso Btro88C8 an IgDnd if ftm loads JSTi were conc«ntrated on the nhord nearest tho 
eoneave tida of the tiMk. TUs amunntlMi wm made so as to proride for the wont poosiUo 4u< 
tiibatiMi«lwdoiiaetheMastiMtlHi4of aifii^ ' 
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^-liich «aa b« resisted ouly by the momcut of a x«IflaMd w«ight V npon (lid twAJf, 
iiina 2 P d + 2 (./—/) = l b 

Tl^ nkMMl wei^i imul pan np Uie vibration nd KG, eanaiiig a tendon 
flier«b, ropzMontod by 

V B€C & = i — Beo , 

irliicb stress must be incroasod for iuitlal tension. 

To find tbe stress uu the strut JK pass a plane throagh the bracing outttug GH, 
GtK and JK (B3 not being straiuovl), take the oentre of momenta at d, and cmundcr 
tba Ibrees acting <m tbe leewwd aide of Ilia tnua, then tbe moAioiii of tbe atraaa in 
JK vill balaoee tiw moments of P' and i H, tlina 



to wliich mast bo added the horizontal component of the initial tension in JH. 
( JK) rcpreaenta Che ttnm in JK. 

Ibe itveas in GH is toond by «oa«idering it a part of the t^per bteral ayrtom 
and not to Lolong to the vortical sway bracing. Bnt if it be snpposed to belong to 
the latter, its stress may be found by passing a plane as before, taking the centre of 
moments ut E, and oousidei-iug only the forces acting at the leeward side of tiie 
tnus. ao that the moment of the atreas in GH irill balanoa the momenta of the 
borisontal teaotion at E and tiie pmaore at G, ihamoment<tf the inoNMe of weight 
sk B balaneing tbe moment of the increase of rertieal reaction at fliat point ; tfaw 

a H . ♦sii^O*^ - i. t p + p.)_ J, 

or equal to the stress in JK. 

The bending moment on the poet, if tlie lover end he oonndered £ree» xvoald Iw 

but as the foot of tbe poet is rigidly attached to the floor beam, it may be eonaiderod 
as Bxed* Comparing these two conditioni of the portion of the poet between tbe 

foot and the iutoimedintc s(r\if, wc kco tlmt they are simihir fo thoso c f oi:o half of a 
beam loaded at the miiMIi", fir>.t with tlio ivii.ls snppnrtrrl mnl socoiiil with the ends 
fixed. It is well known tiiat the bending momcut in the latter ciuw.' is ouly one hulf 

of flial {■ the former, eo we may eonolnde that the bending moment to bo provided 
fbria 

J(P+i») (rf-/) 

If M hethe dialonee between eentrea if gravify of poet ebanneis, (be etrosa on 
•bannel prodnoed by flie bending will be 

3p 
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The nloasc:! weight Con the inbdwAid post j^assos down the leeward post, prod aciug 
a str«88 oqnal to f on each ehiuuid imd making iha total wind etreMOn ono eluuuMl 



It i» only fen- ]iv;]d po.?!s tliftf tliis sfi css need he consirlcred, because wlion it is to lo 
combir)o<l with the Uvcand dead load stresses hotli Cand J' mnst bo calculutcil fur ti 
piossuio tf only thirty jwuuda per square foot. The method of provitUng fur this 
wind fitress i» dearly indicAtcd in Chapter YI. 

All the formntae for vertical away bradng» except that for tlte strese in GH, may 

be made applicable to the portal bracing by palling for d the knglli of the batter 

brace, Tor/ tlio pfrpoiidicubir di-stiiiice botwoon cpjilro line?? of upper nud lower portal 
Htrnl.-<, for / ' the prcsbiirc on one hnlf of the baticr luaei^ uimI Hu- /* oiio fout tli of the 
snm of all the prcssurca couccutiated at wiudward luid leeward panel points of the 
nppor lateral eystem. 

IfPt be the prewnre oonoralrated at the leeward ,hipt the Btoesa on the npper 
portal ttrat will be given by the formalft 

c=:y{F+ p) — p+ r- P. 

It most uot bo forgotten that tlio stresses on idl portal vibration rods mast be increased 
for initial tension or the rods be proportioned by usini^ Table VI, and that the utrcu 
ou each porUl strut is to bo inoreased by the sum of the ooiupoueuts iu the 
duwetion of the longth of the stmi of the initial teneiona in all the rods meeting at 
oneofiisenda. 

In the eaee of a deek bridge with a enrred traolc thereon, the centriAigal feree 

of the greatest panel load will affect the vertical sway bracing in tlie same manner 
as docs the wind prcsstnr- ; so for P ranst he ptit /' 4- i + Ki )» the last tWO 
quantities havi)i<^ Ihu daujo Hignilic.Uiou an iu Chiipler VIII. 

The f ortiii bracing will also be affected by the ceutnf iigal force of the whole 
train, bo for P mnet bo pat one half of the greatest reaotion at one end of the ^an, 
duo to tlio combiudil wind pmaare affeoting the upper kteral iy»tem« an:l tlie cen- 
trifugal foreo of the whole train, or 

and for P, one half of a panel loa^g of wind pressure, centriAigal foree of oar load and 

eontrifugal force of engine excess or J (IFj -|- U'j + Ki ) 

When ihere is no vcrticiil sway-bracinj^, stiffness is obtained by the use of 
kiieo braces 01 brackets Ali, CD, Fig 2, making angles of foily-five degrees with the 
vertieal. 

Let the notatieii be aa shown in Fig. 2., I' being ai bdbre the relief of weight 
atF. Pinthiseaseia the somof thepressares at H andG. Taking the centre 
of mMnents at B gives. 
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Vb = rd unil V =: 

Again taliing the coutrc of momenta 
at A gives tbo value uf tlic beading mo- 
ment if on tho strut at that point, tbns 



Pd 



Let h = the distance belw< t';i ■ nfrr';; 
of gravity of the two chnniu ls of which 
tho upper lateral strut in coruposodi thon 
tho bonding strMS wiU be 




Tim intonaify of iho worldiig bwdiug stress being six toos, the number of aqvara 
udhe» (P be added to (he aieft of Mdk ehannel in ocder to reaist the bmding inU be 



Pd 



The itreai in A B ia fonnd by teldng the eenlce of nomenle at O, end sacking 
die moment of its straas R equal to the momant of the homootal leaetlon n( % fhna 

and JZ = ^ Vi » O.707 ^ 

The beoiUng moment to be provided for in the poet» eonaidering it fiied at ita 
foolwiUbe 

and the ooneepondtng streaeoa oim ehumel iriU be given by the eqmlaon 

4 >n 

where m has the same valne as in the last case. 

As before to make these formulae apphoabie to a portal, make d equal to the 
length of the batter bcaee and P equal to one half of the aun of the preenuea eon- 
oenirated at all the panel points of the upper lateral system. 

When only ono track of a (lonble track bridge is covered by the moving load, 
according to the law of tho lever, ono truss receives more load tlian the other. Now 
if the two trusses could act independently this distribniiou would hold while the load 
ooverad the traek ; but if the tiro trusses irere eonneeted by perfectly iuelaatie tcv* 
tioal sway braeing they would haTO to defleot equally, which could <mly oeeur urhen 
the loads on each truss wore equal, so that a portion of tho load eqnal to the dif- 
ference between tlie greater division by the law of the lever and onehiUf of the wholo 
load would have to bo transferred by the vortical sway bracing. In reahty neither 
of these eouditioiis irill exist, the true oondition lying between the two ; fi>r the trus" 
sea do not aet independoitly as if there woe no vartioal sway braeing» and tin Utter 
is Jhr from baii^; perleodly j 
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Wixat titc aciaol tranafdrrod load is itia impossible to say, bai it will bo mak- 
ing ftn «rrar on the nde of nfotjr if it be ttnmed thet the U»i h oqaally dinded 
between the truBsee; any extra iron tliat may be thereby need ht the vertioel emy 
biMiiig iriU be wdl enjoyed, Cw ifc wiU be in a good (iMe to MaM 

■ 

Undtt flue ttsiimpiioii lot \\s investigate 
the BtreascB in the brncingr. Let the nota- 
tion be as in Fig. 3, li and lH being the reac- 
tkoe doe to Oa vei^ IF, Meibntod ee- 
eofdiog to fhe hnr of tiie lever, so that 

Let O be fbe iveighi tmuftraed by tlie brae* 
ing, then 



The atroaa in (he vibrtt^n rod is therefore 




The etieee in 1 Kie found by peieing ■ plwie to ent 0 F| J K end J H. sap- 
poepng thai flw only vai^ eettng is et Bi end toldng ihe eentte of moraente 
■tn. TUi^Tae 

Again taking the conire of moments at J and nsing the same cutting plane ne find 
the stress in G U to bo zero; for the moment of the inoreoee of iviiHght at F ie 
bftleneed by the moment of the inoreeee of reeetion at thai pointi mahingthereMit* 
tent moment of the estemat toroee muo, and the streaioe in J U and J K, having no 
lever arms, their inomeiit«i Are zefo, oeillW|iiently the moment of the stress in G H 
is zero and the stress iydf zero. 

To find the bending effect apon Uio post at K let na paaa a plane vMag K F 
and 1 B, and take the eentte of momenta at K, then 



[2(a+6)] = TFa 



2{a + b) 

If h bo the (Hstnnec between centres of LjiavHy of post channel ami an intcTisify 
of four tons be employed the area of one channel necessary to resist this bcudiug 
will bo 



4* 



Bat as this effect docs not oxisf sit tlio name time a-? t!ic m.aximnra load atrees 
npon the post S F| it need be considered only when the post is very light. 
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To uoertain whether it needs consideration, find the stress on tlio post with one 
inuo ooly npon the bridge^ reaching from the moet remote eud of the span to the 
CmI of the post wm&SmUt and wider the enppoeitifn of hi e^ml diatribnttoii of ti» 
tnin toftd between die tmeee; then proportion tlie poet to niiet tliie etreis aeeoird* 

ing to the method to be explaiued in Chapter XI, and to oao half the section thus 
found add the ynlne of A in the last eqnnfion. If the sum exceed the area of one of (lie 
post ohanseis required to resist the maximum live and dead load »tvess&8 when both 
inein tre partiAUy ooftrad If the Meoued moving loads* tiien the post eeotkm b to 
b* inereased aoeordmg^* 

Tlie vibration rods should be proportionf '1 to ro'^ist tho tran -forrod lond atross 
using an intensity of five tons, or to resist the sum of tho transforrcil load sirens luul 
ibe wind stress under thirty pounds pressure, using an intensity of seven and a half 
tone. If Am fbnner give Oe greater eectton, tlien ihe etrat thovid be proportSened 
to resist the iMiuiferred load stress using the intensity given in Table Villi but, if not, 
it should be proportioned to resist tlie sum of the transfe rred load stress and the 
wind stress xmder thirty poiiniLs prc:5-iuro nsing the intensity given in Tiible IX. It 
must not be forgotten that the eflect uf iuiLitU tension in to be allowed for in propor- 
tioning both vibmCMi rods end uit«nneiikte etrate. 

In double track bridges without vortieid sway bnoing the trussee wiD pnMk^ 
act nearly independently, but of this one cannot be certain, no it may be well to 
calculate the formula for the bending effect on tiio uppbr lateral struts due to the 
transferred load under the assumption of equal distribuliou between tnuses, and 
i^fly it to n praetieel oeae. 

Let the notation be the same as in Fig. S., but let s have the mno aigniAoa* 
turn a« in 1%. A.* then the bending momont npon the strut will be 



If the distance between centres of gravity of strut channels be A and the intensity 
of working comprcssiTO stress be six tons, the area repaired for one channel to 
rariot btndmg win b« 



Let OS take the case of a 2(y panel and aamine a+bsalS^ht^l, and « a 7t wa 
will then have the toUowuig data 



Wa 



[2(«+5)~.l 



2 (a + 6) 



_ _ [2{a + b) — t] 



W B 21.2 
a r= 4.8 

it a 14> 



and e « 7.0 



whieb aobitltiitad abovo,giTea 




12 B^tiaro inches, 
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corrospondiog to a 40 ponnd channd, wbiok ia fiur greater tiiaa would OTor be oaed 
io pttthB, Bbdm w» may coocfad* I1m| U wQ! !>• mee— iiiy to Mnune UMl tlM 
tnmee deflect independaatly in all oaeec vlwra ihair dqith is iiot great eaoofl^ to 

permit of Hic me of vertical sway Li-aciug. 

It uiif^lit be well liowcver to iiicieaso Uid sectional area of the upper lateral 
siruUi iu urder to reiii«t tlie nicking effect which the vibration of pivsKiug louilit |»ru- 
dneea in tbeee memlmrfl. It ie diffienlt to aqr wbak tlM amomift of inwaee alioild- 
1)0, but the author oouttiderii that if six mch ehMmels woigliiug eight or ten potmda 
per lineal foot and spaoed ten or tnraWe indue apart be emplo^, tho etrata will bo 
strong euongli. 

It is obvious that no unequal distrlbation oi moving ioatl can affuct the portal 
bradni^ for the loada aft the feet of ih« batter braeee net dinwtly npon tiie foiuid»' 
tions, and thoM aft tiio first panel poiota prodaee an inoomridecaMia ahoctaning 
of the baiter braeea. 
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Tlie snbjcct ofrivcttiii? in niie wliioh soldom, if 0T6r, rocoives iU ilao amoani 
of attention from bi iilgo ilosir»ii('r3. 

Many stracturcs otherwise vary strong arc extremely weak in ilciail, owing to 
the iasnffi«knt number of rivets employed in the eonneetiooS) and to thoir improper 

The principal rales for rivetting have been giTen in Cliapter TL 

Rivets sliouLl be proportioned for bending and bcarinj^ pressure, 5. e. for nny 
girou connection the number of rivets necessary to resist properly each of thcso 
•tMetes should be dctcrmincil, and the greater u umber chosen. 

Tible XVII gives the vorlctng beading moments and bearing pressares for rivets 
in trasses and floor syetoins. It can be used for lateral qratems also by niiiking a ]'i o< 
per redaction in the calculated btrcss: this will be exemplifknl in Chapter XVill. 

In this table the lirst two hm izontal linos eont lining va]i,'ar fractions and 
deoimalfl givo the widths of beaiitigti, and the other horizontal hues iu the portion 
relating to bearing give tbo iroridog boarbg stresses for rivets of different diameters. 
The rest of the table necdx no explanation. 

The diamettjrs for rivets in railroad bri lgrs vary from lialfan inch to An iui!b« 
but by far tlie lur<,a'r iinrubev are from tlirco (juartfrs to seven eiglitlis. 

When two plateii uro rivettod together, the riveU), being dnven when hot, 
eontraet or tend to eontraot in length irheu eooled, tbns drawiag the plates together 
and producing a friction which it is necessary to overcome before shear can como 
Tipoi; the rivets. Whether this friction will continue "indefinitely is doubtful, for 
rivets occasionally become loosened when tlte strncturo is subjected to oft repeated 
loads ; so it is not legitimate to depend upon the friction iu order to reduce the 
nmnber of rivets. Perhaps it is on aeeonnt of this foetor that rivets are seldomt 
if ever, proportioned to resist the bending moments that como npon them» notwith- 
standing tlie fact that it is this last consideration whioU in moet eases should 
determine flie immber to be emploj-od. 

It wiii probably have been noticed by the reader that shcirln;: stress upon rivets 
has been entirely omitted from eonsideratiou. The autlior wonM hemtale bcfui-o 
making the broad assertion that rivets eanuot shear, althoagh it is probable that 
bending is the stress whleh mptares rivets thai are generallj eonsidered sdeareh: 
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tiiis inucli though ho will 6ta(o as tho result of both theoretical iuveatigation autl 
inaiiy pravetionl ooaes of designing, tktU trA^M n'rrM ere j't o/ ortiottti for bending thty 
will harf more than irtffieient $tre»tfth io mkt tlttar* Sbiurp «dg«s on met holes will 
ccrttiinly cut ilio rivotK, but lliis is not shear proper ; and it may ho posaihio that 
thoro is ft ccrtiiiu kind «f fixwiness Jiboiit a well driven rivet, wliich will make tlio 
bcniling momeut less limn its CAlculatod ruluc, hut Wiia hxuducss is ohtomed by 
% liigh initial t«ii8ioii« whioli iiicreMM tlie 8tr««i on Ibe tendon nde of tlu met 
«iibjeet«d to bending. Ae tbii initial teniion euinot be mcetored or ealenlctedt it ie 
safer to aseuuie no rednctitm of bending moment on aocouut of its euateueo. 

Countersiukiug is a term uso<1 to denoto the sinking of rivet heads iuto tlio 
pliito so as to muko them flusli witli its snifuce. The leii'^t allowable depth for tho 
countcrsiukiug is a quarter of uii inch, and tlio least tluckness of phUe used for this 
pnrjiose dionld be (breo eigbtlis of en ineb : for rivote over tliree qiuurtere of m indi 
in diiuneter tbcae dimnuioui aboold be inereeeed bj en eigbdi of an ineli. Ktets 
may ho coonterennk »l one or both ends. 

^^lukiii!:^ parallel rows of rivete eleggered AToidi nnneeaeiei; veebeningef tb« 

p.irts livfttcil together, 

TluTc been much discussion as to whether pouohod or drill*"-! !>nie^ aro 
prcfurable, tlio gouoral oouclasiou hoiag that drilled holes weaken the piutc^ less, 
end, wlien slightly codntersunk do noit inereaoe tLe sbenr upon the rivele; bvt timl 
pouched lioks are so miicli more ecouomieel as regards shopwork that, wboi proper^ 

made, tlioy nro preferable to drilled ouos. Tho improvcmeuts made of late years in 

rivettiii^? machines have increased the efficiency of work with punched rivet holes. 

Should for any reason it ever be nt'Coss;iry ia bridge dcsiguiuf? to pnt n rivot 
through a plato whose thickness ia greater than tlio dium&ter of the nvct, the riveb 
hole ehonld be drilled. ICoehine riTsUing is preferable to hand rivettiug, bat iheco 
am eases when the bitter has to be employed. Field rivetting is always inferior to 
shop rirettiug, so should be avoided as much as pcasiblc in making designs. 'When 
a stress is transmitted from one plate through one or more plates to another plate, 
Uio number of rivets must be increased. The rale given Jl)y Dr. Weyroooh is that 
*' for ereiy single shear eonneetion the indireel force transferrenee leqwiee ftkr «• 
intermediate plates ^mes as many rivets as for direet trmsfeifenee 
Keeping this in view the designer will ovoid nsing more than one flange plola in 
flow beams or mere than one pkte fat eovetii^ tho ebannels of top ehorde. 
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CHAPTER XI. 

* » 

PROPORTIONING OF MAIN MEMBERS OF TRUSSES, 
LATERAL SYSTEMS, AKD SWAY BRACING. 

Having fouud nil tlio Btrc.<;so8 Id the maiu momboi B of tlio ttnaa and in thoso of 
the lateral systems ixii 1 vray bracing, and having written them alongaido tUo res- 
pective members in the diagrams, the next stop is to calculate the sections req^uired. 
TIm diagnaii Ibr ibe ktend tytlbun tad swsy braciujg may be ronghly ilrawa in 
pencil; for Uiaj D«fld not be pKimsd, M tlw liiM «f ti» iMnilMn «• to bo writtoo 
on tbc truss diagram. 

For the tension members r,f tin? trnsscs, the scclious required am he found by 
dividing the stresses on (he diagram by tbe proper iutenttitios of workiug-strcHS, aa 
givtB in Cbaplar VI, MmomberiBg tbmt tiio intanaitiM for main diafonab iro to 
be interpdeted. When found, the required iircas for the sections should bo written 
on the diagram, nf^cr the slroRses, prefixiiii,' lluim with the Icttrrs R. 'R. ( poclinn 
required}, as shown ou plate XV. It mast not be forgotten tliat the sections le- 
quired for tbe bottom chords must be calcoUted for hve and dead load utresaae 
witb on intanrify of ftfetoneand foreomlniied live'bied, deed bidl end irind 
etreeeee with an iutcnsilj of eevcu and a half tons. Then, by using the proper 
tnble? ill Chapter If, there enn be found tbe aiMe of teneum nentbere wlueb vill 
give at letut the section required. 

Tbe etreeaee in tiie eonnters are to be iuereaied for iuitiel teaiion hy ibe amDUita 
^««n in Obapter 7Z» or «fa«t amonnte to tbe eame tbing, tbe aiae reqaare^ ean bo 
foand from Table YI. by looldng down the column beaded ** Intensity of Working 
Stress = 4 tons " nnlil a stress is reached which is eqnn! to or greater tJiftn oiio-half 
or the whole of the stress ou the diagram, according to whether doable or single 
oountors be employed ; then, by i<dlowing tbe boriaontal line iriiieb oomtaina tbia 
atreee, eitberto rigbt or]eft,iriU be found tbe aiie of ibe eonntera m eoonter 
required. 

The sizes of hip verticals can be found without calcnlation from Table VII. 

In pony trusses haviug leas than five penels it is necessary to make them stiffened, 
ndng eitber trnsaed bm «r t«o ebaoneia laeed et bttieed. 
Aa alaled in Obepter YI, if die fovoMr be employed thu tnteniity of working stress 
is to be reduced to throe tons, and, if tbe biter, the effMtiro area of tbo webe akae 
aa to be relied upon to reeaat tenaion* 
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Tlio sizes of t!ic lateral nnrl TtbrftUou rods cnii bo foiiurl from the last mentioned 
table by looking in tbe column beaded " Intensity of Working Stre^ = 7.5 tons " 
in Um tMOM mMBiMr m mgitttiuA for «owitw«» 

ItOu pmmI teagOieomipoiidiritliilie omgivvQuiTalibl, or ifikjbnotdiftMrgra* 
atly thororrom, there need be no OAlculations made for stressea in tlio lateral systems 
anfl sway l)ra<^in<» ; bwanse the dimen^ionB of aUL the struts ami rods for these systems 
are given iu Table XIIX. In that table the dimensions in the column marked " Pan. 
1 " the BwsHom rMpeetively of the portal Tibr«tion rode ( if any)* the hnrar portal 
•trats ( if any ), the . eod lower Utenil rodn, and tberkMprar kterol etrat at thie Irie end. 

Those in the seconcl cnlnnm nre llio sections respectively of the upper portal 
struts, the upper lateral rode, the lower lateral rods of tlie second panel, nnd the 
lower lateral tilrui at the first panel point. Those in the other columns are rea- 
peotiTely the oeetione of ike upper lateral elmtr the upper lateral rode» the vibration 
rode (if any ), the intermediate strut ( if aii7)tiie lower lateral rods and and the lower 
lateral atrnt. Thus the portal rods, lower portal strutq, end loTor lateral rods, and 
cud lower lateral strut are assumed to belong to Uie first panel ; the upper portal 
strut, end upper lateral rods, second panel lower lateral rods and the lower lateral 
etrat at tho first panel point to bdong to the seoood panel ; the end upper lateral 
etrat, the Ttbratiou rods and iutermeiUate strut attaohed to the first pair of post;?, 
thelowi r lateral rods of the third panel and the lower lateral stmt at the second 
panel poiut to Lcluug to the third panel etc. etc. Spans above one hundred a^d 
fifty feet in length luwe Twtieal sway bracing. 

If the ooonter stresses bo large, ii is preferable to nee dooUe itoimteni : someHmes 
both nogle and double counters are employed iu tlie same ivm^. Where there is an 
odd number of panels, the centre diagonals should be made double and adjustable. 
The number of main diago.uals per panel is generally two ; but, if the sections 
beeome so great as to neeeseitate ezeessively hu-go chord puis, it is better to employ 
four ; plodng two inBlde» and two oateide> of the top ehmrd end posts. The widths 
of the main diagonals should, for the sake of appearance, increase from the centre 
of the bridge to the ends. For the same reason, it is well to have all the chord bars 
of the same, or nearly the same, depth ; the correct area of section beiug obtained 
|or eabb panel by varying the fUeknesa and the nnmber per panel, la. laige 
bridges it is pernussible to reduce the depth of the eluwd bars towards the ends of 
the span in order to economize on the pins. It is also permissible, when there arc 
several chord har<? in the same panel, to employ depths varying by a quarter of an 
inch, provided that the bars of smaller depth be placed on the inside. 

If the bottom chord contain adnanel etrat» ilwiU beneoessary to proportian 
this number befofs d^nmintng the naniber and eises of the bacst wlueh is aoeoai* 
pliuhcd by subtracting from the tidal section required the ftTrthr aira of the weti of 
the channels, and using the renin inder iw the section required for tho bars. 

In order that the strut may never be subjected to more than tho stress assigned 
to it, each pin hole should bo elongated towards the nearer end of the qpan « cer- 
tain amount which can be determined by the following method. 

Let ^ B the e0Mtive area of the strut vein ia the middle panel, or foiwl 
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ii«u«8l the centre of the span. ' ' . ' 

C <= the gross sectional area of the chord strut. 
T s= the intensity of workiiifj tensile stress for the chord bars. 
Mid T' nthe intenaity of tensile stress npou the gross aeottoa of the atml 

pMfw ■moiiBl. 

• AT^ OT or aP'=^ 

ir^lMtiMflOiffidinlortlMtioitjorilMiMstk tiitttntohofiMli chffica Wiollbe 

8^ ^ 

where ( ia the panel length 
Tba ilnlA flf ilM slsrat diM to ilM afnai A T irill be 

o, Tn ATI - * 

^ =ir = ~^ir 

Nov, if the niimltci- of panels in the span be ctoUi the elongation of the piu iiole 
•t ttie ( + 1 panel pcnnt will be . 

But if ihc uumLor of p.iiiclii be odd the elongation of each pin hole nearest the 
centre of the apan would bo 

t(S-S') = ^(i-4-) 

The stretch of the chord bara in the next panel towds tlie end of the span vill 
be as before 

Tl 



and that of the strut 

R«W iff aa flhoold generally be the e«a«t ibe strut has the same 

from end to end of span, A = A ' , C — C ' and tberoforc S " — S ' 
For convenience of deraon.strntion let it ha assninod that tlio nainber of panels m 
the span is even, then the total stretch of the chord bars in tlie two panels lying 
toomddeoflheaaiaaieeniieapHiwmbeSff, ladflie elwMionibe^tm the! 
same hropmels will be 2 ; therelbM tiw donglttimi «f fiw MeOBd pin lul* tnm 
the middle alwraU be f ( 5r— 5' ) 

Simibtlj fbil of ilM iMrt fin bete itwdd be 

FtnaJiyi if 'i and ^ havo the usaai si^uihoation the elongation of the piu hole at 



Digitized by Google 



— IIS — 

the (u')V.'pftael point bhnukl be 

The following important fact shonid never be forgotten in designing this member | 

— "if the pins pass tbrough the holes in the strata antl lie M nearly tks possible to j 

the ccutre of the span, the distances between their oeutreis shotilii bo i plus the allow- ] 

aUeplay of thepmin tfiefaoleofan qre-b«r«v I 1^''/' \ 

Let OS anticipate a Ktda aad eonsider th« dm of tiw bottom chord stmt deeign«d i 
in chapter XYIII : its grossi Bcctioual nrcn is 5. 7 sqnars inihM and Sto «ffiMtum MM 

2. B square inchoH, tlir t f. may bo take equal to ^ . ^ 

Let us assame I = 2i icct, and E => 23,000,000 pournls or 14,000 tons. I 

Than iba elongation at fhe ( n' panel p<niii is • 

(•"-f)^^f5^'<* = »0'"("'-^) 
With an even nnmber of panels the ebngatious for the Tarious pin boles, bo^iu- 

nbtg ■! tilt oa« iMKt to birt aot at iniAdto «f til* apan iroald b» 
9.047 '* . OMlf , 0.141 tt , 0.186 , » , 0. W ile. 

And ivith an odd nnmber of panels tboy woald be 

0.024", 0.071 0.118 0.1G5 ",-0.912", 0.259, 0.30G " kc. 

Bat in oonneotion with this investigation there is another point which mast be 
MBaMered ; vis. tbai when the Imdge ia empty the dead load alioQkl geii«a% b« 
gnaft anoQ^ to put tiia chord alrai in tennoii n<ar fha aads of tha qMut, la ordar to 
prevent both vibration and nndue stresses on the chord bars at those plaaoB^ 
Whether this condition exist can be cleterminod by finding the dead loat! stress 
at the middle of the span, dividing it by five and comparing tho ratio, which this 
qaantity bean to tiw «<lH«(Mrij«MaflA««ftord Ian at this place, with tha nlio im 
If tha iMuer ha tha graator tha alrnt viUba intension, and all will ba tight. 
Otherwiso it may be necessary to reduce the amonnt of the elongation of those two 
or three pin holes nearest the ends of the span ; because, supposing that the strut were 
not m tension when the bridge is empty, as soon as an engine covers one or two 
paMit at ti» and of the span, the ohord ban in flieaa paneli ynSL ha loliriaetod to a 
gnat* intansi^ of itnss than will those in the other panels, and if there be any 
play in the strut ej'cs which is not aheaily taken up by the dead loarl, these chord 
bflJTS may bo stretched more than the allowable amount H , even before the stmt 
eomes into action as a teuton member ; but, if the play be taken up by the dead 
laad, and tha ohoid panda near one ond of tha iipM be atnhudmoM than 
the stmt will immediately begin to do ito abam of the Work as aaon aa tha livt 
load ia appHed, and none of chord b-irs will bo overstrained. 

The danger of over.-^trainiug the chord bars of the end panels neoessarily increases 
viUi the ratio s or that of S • These ratios increase with the length of span, bat 
• fofftaaat^ the ratio of dead load to total load alao inereaaee, eaaatng tha dangf of 
Ofnatnuibg to diminish. 

For cxaropl'^ iij the ?.W «]i:in on plate XLII the dead load stress at the nilddlo 
panel of ihe bottom chord ie about lil tons, vhioh divided iqr fin gins 29. 2 a^aare 
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inetitta. Tho rttto of the Ifttter to lb« \M aediioii of tbo «ltiml bin U ^=0M 
The ifatio of ^ is = 0.S9, akowtug tiiai if (ho dongatioiM of the strut eyea b« 

made accordiug to tbo preccdiug theory, there 'vrill be a little play not taken np hy 
the (lend load, so it wiW %c iicccssnry to make the elongiittons at say the ahoM and 
fifHt i),inoI points equal to that at tbe secoud panel points. 

Aguiu iu the 200' span ou Plate XXXII the dead load stress at tho middle ia 
about 08 tuna making the ceeUoa lot same 11.8 iqiiara i&ehea and the ratio ^ 
0.ff. The ratio of ^ is ^ = 0.S8, or greater than that last foimcl, ahoving that in 
tiiis case also the elongations of the piu holes at the dioes ttud first panel poiiite 
lunst bo re luced from the Ibcoiclical amounts. 

Fiually ill tho 1?.0' sp:iu ou Piato XXJI the dcaj load stress at tlio middle is 
ftbout 2;i.28 tous, and the ratio of sections \^ = 0.414; while the ratio of is 
^ = 0,6S. Tius great difference is not of mach importanoe for the ratio of ^ iu ilie 
end paaeb is so amall that the ehord ban alone are abont raffieient to take nj 
the sireseea eansed by an engine load or engine loads near one end of the biiilgpi 
oouseqaently if the pins do lie loosely in the strut cyC3 when tho bridge is empty,. nO 
harm will ho done ; for vibration may be avoided by aareful chord packing. 

Uenoe we may conclude^ that the preceding theory of strut eye elongation may be 
adopted in aU easM aft aU ttie panel pointa eseepl. one or tifp at eaeb end of long 
qNuw, at whieh pkeea tbqr may be made equal to that at the neift puMl peini 
towards the middle of the span. 

" Chord packing " is a term applied to the an-angement of the chord bars, ehord 
strut, diagonals, posts, and beam hangers upon the bottom chord pins. It is a 
matter of great importance, but is very often neglected. The three principal oonsi* 
derationa to be kept in ndnd vhile emnging the packing are, diaft tin banding* 
momenta on the pins are to he made as small as possible, that tbo pnaUng is to^ be 
made as close as circamstauc^s will permit, and that there be sufficient clearance to 
avoid all chance of finding the space between the post ohanneia too naocmr iihen 
the bridge is being erected. .... 

The width of the pairing is depeodentk not only npon tho nnmber and thMhwao 
flf fli»bara,bttta]eoiqMmtheiridthof tfantopehocdplnle. The lattaria €llon»iii 
its torn, dependent npon the chord packing. 

The best arrangement ia to pack the main diagonals, connters, chord strnl 
and beam hnnjjers inside of the posts, and the ehord bars outside ; bringing the 
latter, howuver, witliiu the batter braces at the shoes, unless the end panel contain 
iMtr bars per trass, when two should go outside, and two inside. It is nol nbao- 
llrtaly neeessary that tiie chord bars pnll in the exact line of the trtiaaas ; an inoh or 
two of deflection in twenty feet being scarcely noticeable and making no appreciable 
difference in the length of the bar ; nevertheless it is better to make the bars as 
nearly as possible paraiiol to the planes of tho trusses. The main diagonals sbould 
be plaeed next the post, then (he beam hangers, and inside of eU the oomter or 
eonnters and chord strati if there Im one, any vacant space thus left being n^j'^'^ 
nithiUleia. Theamngemanlof ihoehoidbaw iriUbe treatod.fi»ttMr€o^ 



u\^ja\^c(i by 



The wiJtli of the lop chord or baiter braco pkte is dependent upon the depth of 
the chrtniif-b, tho transverse distance between the centre hnca of rivets, ivhicli 
attacii tixc ciiaiuielij to llm plate, bUould iiovor be lenu thau the depth of tho chauueU: 
fliA «3iOfd packing otten demands (be ue of wider plftte. The leaet widths sad tliiek* 
Besses *rs given in Ciispter YI 

In pony trasses tho cliannels are spread apart and the width of jdato Increased 
to give lateral stiil'iie.s:^ to tlio truss. To proportion tlic top chord or batter brace for 
a given stress, assamo the depth of tho chauneld and divide the length of panel or 
baikter Vmmm b7 it, both dimensions being expreesed in the esme nnit* 

Beferring to lUUa YIU. look down the eolnmn msrked « B«tio of L to D", 
nntil the ratio jost found is reached, the number to the right, in the first of 
tlie tliree columns, is the intensity of working- stress to be used. The three columns 
are for tho three cases, — both ends fixed, one end Rxeil iind one end hinged, and 
both ends hinged, nuvrked ■ B 9, and • # respectively. Then, to And the en^ 
ofihe top obord or better bnMM!, divide the straM given on the diagrmn by the intensity 
of working- stress taken from Um table ; from the quotient subtract the area of the 
top plate, and divide the remainder by two : the final quotient will bo the area nf 
each channel. This ealcniation should be made with both the stress in the panel 
neatest tiie middle of Hie span and that in tlie end one, or, in long spans, that in the 
one next to file end. If, then, with the depth of ehannsl aaeomed, it be tmad thai 
there is, in the table of ohannel sections employed, a Hght cluumel iliat will not be 
mnch too heavy for the end, and a heavier one suitable lor tlie middle of tho chord, 
all right: if not, auotber trial must bo made, with a chaimel of a different depth. 
Xhe greater the depth of ohaonel, the le»s the ratio of length of strat to diameter* 
end enmsegnentiy the grsnter flie intensity of woridng.etnss, and the lacs the sec- 
tional area required : bo, generally speaking, it is well to use the lighteek and deepest 
channeU posi^ible, unless the saving'iu section be small, when it %'ill he more econo- 
mioal, for otlier reasons, to u»o the next smaller depth. These reasons will be given 
in Oh^ter XVL The dimeuBious of the ohauuels and plate fthould be written 
on the diegram of stressse as diown on Plate XV. 

Vbo siaos of tho poet oUannds are to be found in a similar manner to the one 
jost desoribed, with those two fT-^ptifwiSj that tlie odama for iwo hingeA wds is 
to be nsed, and that there is no plate. 

After ail tiie post^ are proportioned, the light ones should Lo tested according 
|9 the msfiiod ezpfarined in Chapter IXto ase if thej ace strong enough to resist the 
wmibined effects of loads and wind pressuf. li not the sections should be inereaesd 
ip as to make them strong enough. 

In hi<?)i (loiible iutorscotion bridges where tho diagonals are halved, and con- 
uectcil by puis pasiiing through tho middle of tho post channels, as shown in Plato 
I, the poeli may be proportioned Ibr half-length witii both ends hinged ; but in this 
ease the ooonters moat extend to the ends of the span, altbongh there be no etresa 
in some of ihem, for the purpose of preventing the poets from moving laterallj at 
the mid<l1*'. 

Ail lateral and portol strnt«i also the iQ^nntduit^ struts m 4oqbl9 tnvpk bridgof^ 
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are to be propoitiouwl by using Tabic IX for ono fixed and oue hinged end, and 
adding, if necessary, to the acctioa (has found enough area to resist bending as 
dotonniiMd in CHwpter DL 

These strnte clo nol roaUy have one «nd fixed mid tbe other liingvd, hni the 
strength of a strnf contKctpfl by nbutiing jawa ia iiitcrmedinto bi twmi that of a 
strut of the same sizo with both ends fixe d and thfif of nTioth<»r Btnit of llio sntne stzo 
with both ends hinged. This is beciu^o the iuacouracies of shop work may 
MOM » aliglil deviation from axial bearing. 

It ia not positively necessary to hm a lateral atrai between pedeatals at the 
fixed end of all span?, but it is much better to do so, not only to distribnle the 
horizontal reaotiouR, but to keep the ohords in hne; lor there is necessarily a little 
play in the anchor bolt holes. 

Tfaera i* generaUy no objeetion to making these etmts lighter than tlione at tiw 
free end of the span, but it will often be found that cousidorationa of detail WiU 
nooessU ito the use of a strut nearly as l.irge us tli.U at the free entl. For iustance, 
if there be a verlioal pin 8i" in diameter passing tlirough the jaw, it would entirely 
out nukj tfie iangM of an I-beam, and wonld leave but Uttle iron m two i" obon* 
nale eo two Vt diannela wonld be required. 

Again, the component of the stress in the end lower lateral rod in a direetion 
perpendicular to the stmt will produce a be^Jin^» on the connection, and an iiie<ina1ity 
of ahear upon tlie rivets which connect the jaw plate to the strut. To resist this these 
xivete ehonld be epread apart as mnoli aa possible, and the nnt whioh oonneets the 
jaw to the chord pin should be screwed up very tightly and perhaps locked. It is 
obvious tluit tin's objectionable tendsncQT to bendiog ts less the nearer the vertioai 
pin is to the end of the strut. 

The totsl woridng stresses (mo( £alMMi(M) for I beams need as intermediate 
sfrnts in single truck bridges are given in Table X. BuUi ends may bo considered 
fixed. When the I-beam strut is supposed to bend in a vertical piano, iu length 
dioidd be taken eqval to tbe distanee between tihe points of attaobmeut of the 
brackets ; but, when it is Assnined to bend in a horizontal planoi its lengtii meat be 
taken equal to the distance between oppo=ite posts of the trnssop. 

Brackets should extend inward and downward, from about four feet in narrow 
bridges, to about six fset in wide ones. The sway bracmg given in Table XUI 
was proportioned for brackets of these ilimensions. Brockets beneath intermediate 
struts not only serve to stiffen the struts, but add to the appc^^rance of the bridge. 

To proportion the bottom chord strut, find the greatest stress in any panel, as- 
•ome the depth of thediannel, urbidi slioold be made so great tibat the bottom t^evd 
pins will not take too ranch material out of the v,'oh<, and divide tliisi stress by the 
intenuty found in Table VIIX for both ends fixed. If the seotiuuai area thus found 
be smaD, it ean be inor eis ed -without eausfaig muebwaate, for any area added to tbe 
vebs of the channels is merely taken off that of the cliord bars. 

If the Hliffoning be accompli-diod by trussing tao inner chord bars, it must not 
be forgotten that the intensity of working tensile stress is to be reduced to four tons 
fnr tiw ben so trused. Strata of fanpssed bars may be assumed to have eainlenatly 
of working eom | ife wiT e atcesi equal to one ton Ibr short panels, and half a ton for 
loi^ ones. 
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CHAPTER XIL 

PBOPORTIONINa OF TRACK STRINGERS, PLATE GIRDERS. 

FLOOii DEAMS AXU BEAM HANGERS. 

Thp poonnmic depth for ft track Hfrini^pr or pluto girder will not gcncrftl!y'v»ry 
much fi-om one eighth of Uie span, Hltiioiigli l .iiglieh ougiuesrs asnally adopt oue 
twelfth. The best Amerieau speoifioaliona give proftreiiM to girdftM m wlitoh tli* 
depfh is mi lem Quat on* tontli of th« •pan. Other tbinga being equal tha deepar 
the girder the less will it deflect, so n deplh of one eighth IB preferable to one of one 
twelfth of f]ir span, niiless it necessitate llie tiso of more iron, which it should not. 
There can be considcrHblu vaiintioD iu the dcsiguiiig of girders, which will iuvohe au 
apprcciabic difference iu their wcigLta and economic depths. 

As the ftinotioB of Uie web is to Tcsist shear alono, tha famtih for the ana of 
the upper flange of » girder viU be 




and that for the lower flange 

where M h the greatest bending inoiucut on the girder at the point considered, Tmt 
the intensity of working etrees i tons for batlt girders or 5 tons for rolled onec» 

d the depth between centres of gravity of flanges, and A" the area lost from the 
lower fliini'e nl tlio point considered by (he rivet holes. Ai? n tftble of ciiuivalont 
nnifiirmly distributed live loads fer nil cases is given in Chapter VI nml Jinolher 
corrected for shocli iu Chapter YII, the vnlac of the greatest bending luouiciit al any 
point of a girder will be given by tiie equation 
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Tfhieli fbr tiie nuUtb point beeomes 




K being tlie total uniformly distribufed live find dead load por lineal foot iucluilini^ 
the iillowaiKo for shock, / tbo lengtU of tlie beam aadfthedishuioo from the nearer 
end to the poiut considered. 

Tbe duaring ttremon tlw web shonld novar «x«aed S A'» vliare A' i* tlw areit 
of tite section ol tbe mb; «XMft for axtremdy duUov gicd«r», vbkli aM aaldom 
permissible in good practice, tbe shear can never be as great as 2 A', so this considera- 
tion may be uinally oraUtcd. For reasons statol in tlio last chapter, a multiplicity 
of parts iu tUc tlauges of beams or girders is to be avoided, so it is weilto nso no top 
plate and bntoau) bottom plate for track etringersi and ne?«r mora tban three 
thioknesses of phito for tlie ilanga of the largeat girder. The rales Jbr ireb atiffemuig 
are given In Chapter YI. The atsea of atifFening itaglM nay wj ficom 8}'' x S|" 
X J" to 3" X a" X 

When tbe panel length does not exceed fifteen feet no bracing frames between 
traolc atringeri vill be needed, but for greater panel lengtba there mnatbe one frame 
at the middle of the strmgera, and, if the latter rest on top of the floor beama, one 
near each end also. A bracing frame can be mailc out of one piece of 3" x angle 
iron not less than i" thick, by cutting right nugled nicks out of oue leg, bending the 
iron until the cut edges meet and welding the junction. 

Fbr plate girders etniaeeutiye bracing framea ahould not be separated bj mora • 
than seven feet, and those at the ends ahonld be made stronger than Iheothera. As 
slated in Chapter VI, when the length of span exceeds twuuty-hve feet, the intcr- 
raeJiiilc frames nrc to he replaced by diagonal braces of angle iron both abOTO and 
below, the braces making witii each other angles of about sixty degrees. 

The oulj essential difiE^ereuce between a plate gu der and a tradtatrmgeria in the 
hiolinod etUfenera at the ends ; and those traek atrtngera whioh reat upon the masonry 
shonld 4)0 provided with this detail. 

The following tabic givea with snflBcient exactitude for all praetieal purposes the 
total nniformly distributed load per lineal fool for one trade stringer or plate girder 
of any length : it includes the livu load with tlio allowance for shock, the couataut 
traek load and the weight of the girder. 



Upaii 


Uiiif. Load. 


bpau 1 Uuif. Loail* 


0 t') 1?' 

19' an.l 
It' „ :i' 
9 J' „ 34' 
iy id' 
17' if-' 
^9' f V'' 


ii'-,o i>onnls 
•s8io „ 

;6ji „ 

-37'^ »t 
J ; 1 0 

7440 » 


35' .. Jft* 
57' .. J»' 
}<,', 40* and 41' 
4-.'. 45' .. 44' 
4>'. 4^'' .. 47' 
4«'.49' 
51' to 60* 


2 J 70 poHmls 
2500 „ 

21 J" .» 

2160 „ 
2090 „ 
2O2O „ 

tiio „ 



The value of the greatest bending moment for a floor beam for a single traek 
bridge nty ba dptcmiuod ns foUowti. 
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Lei W = Ihf' !oft^ flpplinl nt tlio Ijon! inr' of two abultinrr Irnck gtrlugcrs : 
it iiiciudoH one half of tho greatest couibiucd ciigiue ftuU oar 
loads that cau 1m couooutmtcd at a panel poiut, Uie allowMiM 
for tkockf oae half the ooustnnt track load p«r lineal foot 
malUpliod bj tiie panel length, mid the total weight of one 
fllrlngor. 

IT = the weight of floor beam per Uucal foot 

h = tlie perpendienlar distauee between central planes of trnases. 

« = the dietanoe from the cemttal plane of the nearer trass to tbe 
point of the bcnm co))siderod ; 
then for any point between the stdngere the moiuent ie given almost exactly by the 
eqmitiou 

and for any exterior point by the equation 

Jtf= Wx + — ^) 

For a floor beam of a iloublo track bridge tlie moment at any point bolwcon the inner 
tradic rails is given approximately by the equation 

JI/= IP( 6—9.88 )+ itfl» 
Under the outer roils it will be given i^prosimately by tho equation 

M= IF( b- 18.58 ) + i^tci') 
ftad Cor any •zterior point ezooify by the eqnatioii 

Tho area of a ilauge for a floor beam is dftermiued by subcitituliiig tho Taluo of Jf 
hi one of the eqnatione 

A 4 Alt 

which were ^'ivcn for girtlcrf?. 

Tho ccouoiriic dcplh for floor boams of siiir5:lc track bridi^os; ■^^-jU xi\vy from 'j for 
ghoi t panel s to (| for long ouc&: for double track bridges the corresponding ratios will 

probably bo found to bo J and ^. 

Tb ' values of \V for the different panel iougtbs are given approximately in the 

fuUuwiijg hible. 



i'jiu, LitMigtli. 


w 


I'an. Length. 


W 


fC 


I). 84 tOQB 


IS* 


19.79 tona 


11' 


14- >5 » 




40.4} m 


14' 


• 5.79 .» 




St. 10 w 


M' 


16.67 It 


«i' 


*».95 H 


>4' 


»7. j6 M 


M' 


44.<« « 


»5' 


18.06 M 




«}.4* •» 


16' 


18.71 • 




54- m 


I J' 


19- » •* 


ay 
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For Uje floor bonnis of single (rack bridges the vaino of TT may be taken from 
0.06 ton lor short pauela to O.Oti tou for long jiauels ; and tbe oorrfisponding values 
tor floor boains of donblo teaek liridgaB «t 0.12 ton and 0.1S Ion. 

The nMlliod of detenainiiiK the rivet spacing in tiie flmgM of pkto ffltAm, 

tmel: stringcra and floor beam"? was iudicatctl in Chapter VI : it will In ftirllier illns- 
Irated by ail cxaiuplo. To tin d the nnmbor of rivotf? nfccssary to connect a traok 
sil'iugcr to a iioor bcaui where the {brraci* abutu aguiuKt the latter. 

let il^ B M before the total reeetion upon the floor beAm eftoeed b/ 
Oil {otal kNidi on two abnttiiig etringen, inoliiding eUoweaee 
fur shock. 
I a thickness of web of floor beam 
t* wm Uiiokness of wob of stringer 
I" -A thickness of a cooiiccting bcut piftte 
p rr= ilie intensity of working bearinp: prossnre 
m s the working boudiug moment for ouo of the rivets used in the 
couuoction 
•nd d diameter of eame rivet 
Iben ttie NMlion at one md of a stringer is and Iheworkiiigbeamg pressure for 
ono rivet passing tlinnii.'li tlio wph of tlio strinj^cr is /W' ; con<5cqnop*!y t1io ivUxl 
number of rivets tlirough tho shriller wdb neodssar; to resist iUo bearing pressure 
will bo given by the equation 

W 

** '^'ipPJ ■ 

The stress j- is cquAlly divided between the two connecting pTatc s, making the stress 
trpon cnch equal to ~ nnd its moment equal to J?^ X ^-~'» therefore the number of 

rivettt ihroqgh the skiugor web necessary to resist bending will be given by the 
equation 

The greater of Ibe two nnmberi n and is to be lahao as tiie proper nmnberof 

rivets to use. Additional strengtlt is gained for this connection by the supporting 
shelf, btit it is well not to depend Uiereon, as the bearing on the shelf may be imper- 
fect, and this rivetted connection is more affected by impact than any other rivett<d 
eonneetion in &e bridge. 

Die number of rivets required to atladi eaeh bent oomneeliBg plate to tiie floor 
beam as fiur ae bending is eoaeetned vifl be givea bj the e^nation 

fct HI 

But fur bearmg upon tho floor beam web, the total pressore being W, the number of 
rivMslbr ooaoaeling eaeh bent idate will be ^rcn^ the equation 

W 
pit 

As beltovn tiie gieatar of Ilia tiro nvmberi and is to be rned* 
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In general t ^ t> t" = i", p = 6 tons, if three quarter ioeh rirets be 
Bnbflilatiiig givw 

/i= find ,i u''= UCfli'Iy 

and OS TFrarica from 13.84 tons to 24.64 tons tho nnmbcr of rivets pas=<ing tlirongh 
each log of each bont conneotiug plate will vary from five to oight, wluch nambers it 
traald ba mil fo Inomi* to imn and dmn. 

In plate girder dadgning oiro muH Iw lahan to so »teggef the gowi of riTet holee 
passing throogb tbe flangaa lliat fha latter wil) be weakened a« Btlle ac ponible. If 
there be but ono plate a single row of rivots on each side spaced nbont five iucbcs 
will be safficieut ; if there be two pkloii, a tiiuglo row Bpaced tlirce and a half inches 
will anflwer ; Wt if tbere be tiicee plates, they mart be vide maof^ fo oomtiun two 
zowB of liTetB on a side, witli a spaeing of five iadies. li ia bettor to nie |" riveta 
to pass throagh three thicknesses of plate and the leg of a flunge nuglc, or even to 
pass through two i1nc1;ne?!?08 and the leg, if t!ie plates be ae iiusk aa half aaindi. 

Beam hangers may be proportioned by the equation 

wbare ^ b the anft of the eeetioDof oneleg of a hanfar. andlPt tl|« total woichi 

of « ilomr beam eud its load not mcluding any aUowanoe foe ahoek^ the latter bemg 
peovided for by the low iiiten'-in.' nf working stress. 

Let ns take, to iUostrate the deiigaiug of a girder, the case of a track stringer 
for a 21' panel The oniformly djstnbated Uve anil dead lead ineladiug shook i« given 
In the itrat table of thia ehaptev aa S760p(mnda » 1.876 torn p«r lineal foot The 
taonient ai the eentre ia 

M = i = hmj<pJL^ = 7 5.« fbot tone. 

o 

Lot Q8 assume the ecououuc depth of web to be 2,Q" aud take Uio Ihiokucss as i"f 
naUng i about 96.8'' « S.S1 fSset. therefore 

A = 4 X 2^ 1 ^ ^ Bquftie inches 

From the well known fact that a Lar of wronglit iron ono square inch in section and 
three feet long weighs almost exactly ten pounds, wo can determine the weight per 
loot of Mclk ilauga augle by multiplyiiig A by ten and divi^ng by six. 

Thia ^Tie the weight per foot to be 14*8 poonds. CkMunlting Camepe'a table 
of angle irons given in Chapter II, wo find tliat the nearest size is a 8" X 9V X 'M" 
an^e, weighing 14.4 pounds per foot, which section we will adopt. 

The area of the section of the bottom H;inge is 8.58 □ A", where A" is eqnal 
to the diameter (tf » livat hole mnltipUca by tiriee the thietaieeB of the leg of one of 
the lower flange angles. The IhiekneM of tilie upper an^lega bong ^Tf we ean 
assume that of the lower logs as J", for tlicro k to be a bottom plate. Let us use 
8" hrets for both flaugesi beoauee of the r4th«r large tiiiokness of the upper flang* 
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angles, and let as aso a bottom plato x 8". By a carefnl arrangement of the 
three rows of rivet holes through tlio logs of the angles, wo can have no section 
weakeued by more than ouo rivet liolo, noToribeiess it will bo better to add say four 
tenUis of a B<|nare itteh to a« tiins found, beoaiiM the holes of the rows in tho 
vertical and horiioniel logs ooim fiMj ^ttmSj togetber. A." msy therefore be taken 
equal to 2 x J x ^ -L 0.4 = 1.28 .qqnarc inches, making the area of the hottora 
flange 8.58 1.28 = 9.80 Hquare iuches. Subtracliug thwefrom the area of the 
^late or fr B = 8.6 sg^uaro inches, leaves 6.8G square inches as the aioa of the two 
angles, wUdi multiplied ten lixthe gives 10.6 pounds os the weight per foot of 
eaeh angle. Tho most soitable section given in the table last used is 8i" x i." x it" 
and weighs 10.5 pounds per lineal foot, which is near enough for all piaclical purpo- 
SOS. The assumed thickness of half an inch uscvl in dctcnaiuing A'' gives a bliglit 
error on the side of safety. Laying out tiie sections of the flanges to soalo, the 
distsiioe betweoi their oentres of gravity is fonnd to be a little over 97". so that ta 
asanming 4 «■ a slight error on the side of safety was eommttted. 

The difference is so small as not to necessitate a ro-cnicalatiou. 
Wo can cither let tho bottom plate extend over a little more tlian the iniilillo half of 
tho stringer or calculate its theoretically correct length 03 follows. If iu the equation 

we anhslitnto for w and I their vahtes and for Jf the greatest allowable bendbg 
tDonienl on tho beam at the cud of the bottom plato, we oaa solve for » and thus find 
the length of plato bjr the otnation 

The ellMtiva area of the lower flange at the end of the plato is aboat 

which multiplied by 4 gives S2.18 tons as the permissiblo stress on tho bottom 
flange, and this maltiplied by tho effective depth 27'' iJi6f gives 40.77 as Um 
psrmissiUe bending moment. Snbstitnting this gives 

or -2 1 - -Jl^-g s ~ 72.4 nearly 

therefore « = ± s/— 7 2.4 + (~-)^ » 4.2 8 

ConseqnenUy the lengOi of the plato I' is 81 — 8.7 « 18J» feet: but it is bettor to 

increase it (o 14 feet. 

To find the rivet spacing for the upper flange angles let US divide tho beam 
into lengths of two feet (.-otnir.r nei'.^g at both ends oud moving towards the middle, 
and let m trausiorm tho c^uutiou 
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ud subBtitatQ for w, I nnd d their valnes, ani (far «. 8, 4, 0, 8 Mid 10, 8 bdiii 
aetital flniigc stress ai the point consiilcrcil. 

Mftking the suVistitntions gives for the various values of R, 11.6, 20.8, 27.5, 
and 88.6 tons, bubtracliug oacli from tlieoue following gives 11.6, 0.2, 6.7, i.l 
1.8 tons M tli« horiiontal Rtreaaea to be talwn op by Um rivets b the differani 
ibel lengths. 

In nddlfion to these horistontal stresses there is in eseli Icn^h a vortical f 
cnnsed by tlio two ties pressing on tiio nnglc irons. What the amount of this vc 
streHS is it would be hard to say, for the stiffness of the rails tends to distribut 
pnMweof UMirbeelsonr WTeral tiei, bai if m wMimetlMit two thirdi oi 
wcigbi on one iriieel or 4.17 tons is rapportad by UietiiiMrMigle in ft Iwo feol Ur 
tre wiU provido for a snfficlentiy unfavourable case. 

From Table XVIII wo find thiit llio working birring pressure for a [j" riv 
a I" plate ia 1.B29 tons, and that the workiug bending moment for a rivet of 
diameter is 0.8U5 inch ton. ^^^^^^^ 

Tbe total boaring piMinre on die riveUi in the Itni length ii 
18.2 tons needy* vhiolt divided by 1.8119 gives 8 as the number of riveti reqoirt 
beiu iiig. The stress on the iimer flange is i/'(5.h)- -(- i».17)' = 7.15 tons, an 
lever arm is i (i4 x j^) jfj", making the bentling nioment 7.15 x H = 8.8 
tons, which divided by 0.8i>5 gives lU as the number of rivets required to resist 
iagt thia eorreapondi to » rivet epeeing of 8.4^ or ftbont Ihrea diametm. 

At the fifth division the stress on the inner etigle is |/(0,9;« + (4.17)« » 
tons, ami the corresponding bending moment 4.8 x II = 2.28 Inch tons, ^ 
divided by 0.31)5 gives 6 as the nunibcr of rivets reiiuirc l, correfponrluig to a 
spacing of i." A larger spacing would do for the lower flange, but it is sci 
worth while to make any diilcrcuce between the spac'mga of tho upper and 
fiengse. Tlie ehange in the spaeingfironi the end of the stringer to the eentres 
be made abrttpty betwean etUbners and not gradnally : this is to foeiUtet 

punching by machinery. 

Generally speiiking it is unnecessary except in tho case of very s^lmllow g 
to calculate the rivet spacing for the flanges, because tho designer may rel^ 
hie prsvions ezperienee, hvt^ if he be in donbt, he vrill break no rale of good d 
ing by putting in s Isw extra rivets. 

The stiflfoners may bo mndo of 2j'' x 8" x angle irons, ami there sLo* 
eight or nine puirs of them. The filling plates will have to be H" x 2i." 

lu u simuar manner may be designed any plate girder or floor beam. 
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CHAPTER Xni. 



THEORY AND PRACTICE OF PIN PROroilTlONING. 

Tlu Hiilijoct of " bridge pins " is one deserving of more consideratioQ than has 
been accorded it by engineers, and authors of technical works. Until 1878, whea 
Hr. Charles Bender, C.E., presented his paper on " Proportions of FSni wad in 
Briftgw" to tlM AmeriMa Sotk/bjct Civil Enpneen. vwylittl* vm knm oonceni- 
ing it; tibft usual enstom among eoginaors whon proportMniing pins having been to 
allow one square inch of pin area for every ci^jlit or ten thonsantl pounils of sh(»ar in 
the section most subject to filicarinj-Htrpss. Ah Mr. Bemlcr states generally, and as 
trill be shown farther ou to be true for iron bridges, it id not the ^eur, but the bend* 
&Bg-aioin«nt, iriiidi OKOMB the gnatoil tminmj to rvptnro} ao tfiak in any iron 
ftraeture it win be snfBcicnt, in finding {Im »wn of pins, to mleoUto tlM grMUast 
moment induced in them by the various members coup]e<l tliorcf>n, and to proportion 
nccordiugly, due regard hmn*; p lid to tha strtMses in (lio cyo-bar In iiis. Before mak- 
ing any investigations, it will be well to review and summarize the most important 
tWttlts of Qm investigations of oChars in this subject. 

The prinoipal oonolnsions Mrived at by Mr. Bender ar«, thftt. for a mU-ftitiag 
pin of large diamoter, a pressure on the bearing-surface of r\x tons per square inch 
is not too hirgc ; that for simplicity it is veil to assume that this pressure is uni- 
formly distributed over the diameter of the pin ; that wrongbt-iroui after millions 
of impaets, vmj brMk on tho aida wliwt Iho itress it tenaile, bnk never mi the 
aide wlMwe it k eonqpreadve, fha idtiniftto reaisfauiee to oradiing being about tliirty 
tons per square inch ; that the shearing-stress at the centre of a pin is one and 
three-eighthf) times the average shear ou the whole section; that in iron and 
steel the ratio between the groat^t allowable tenaile and the greatest allowable 
aheartng^atreaaea'ahoiild be as 5 to 4, which would make the nntforaaly diatribntod 
ahear 2 Jt tow par aqoare indv to eorraqpond witii » tannle streaa of S lona per 
square inch ; and that, owing to varions eonsideraliOQa, iron in pina may bo strainad 
moeh mora than aimilar icon in tonaion mambers. 



Digitized by Googje 



4 



! 



— 180 — 

Mr. B. Baker, C.E., in "Bcaina, Colnmns, and Arches," trpats of pins merely 
incidetitaily. He finds, ihat, for iiou ia solid circular beams, the average value 
of 0 ia /, where / is the ultimate resistance per square inoh to rapture by ten- 
iSoBi and ^ iha difforanoa bttrntn tiie ftppuvai vUimato naiilaiiae p«r iqiiaia iaflh 
tonsure by bending and MoonlUig to the equation F = / -f 0, F being tbe 
apparent ultimate resistance per square inch of the extreme fibre ^^ixioU fiwt giwt 
way ; and, that for steel, the value of 0 varies betveen \JIS and l.Q/*. 

ProCiMor Bozr diV(4M five pages of kii vodk on BhiMMi in Bridge niA Bool 
TraiMs" to Hm ffoljjwl of pii», aad illulntaB tiia pwrtioalMr etae of * mpannan* 
bridge cable pin, and a general case for ordinary tmss-bridge pins. 

Professor Dn BuiR. in " Strains in Framed Sfrnctnres," alao giyea ft mathema- 
tifial discussion of how to find the maximum bending- moment. 

TftUe XIV. giTMt llie mHrking bendiog-moittettto on ftll ttM iron mmI stod piiw, 
•nd tlie working-shear on all tho atoel pins, which will ever bo required. Having 
calculated the bending-momenf, the requisite dimnotcr for the pin can be found by 
lookinpf down tbo proper column until a bending-moracnt at leaiit equal to the one 
fuuud is reached. The diameter will bo found at either end of the horizontal row 
tiuM loettod. Tho wo of tin eolwiui for dioor wOl bo audi fymnt pf «oe n %» 

Tiie upper and lower horizontal linos in the table of bimrinp (liUo XY) givo 
the dii\molors of the phis ; llio exlremc vertical linoK, the necessary widths of beariug- 
sm-face at eaoli end of Utti piuu, including both channel and re-enforcing plates ; and 
tho other vertical lines, the permhwible pressure, ou the bearings. Th« nwtiiod of 
nring fbaae taUos it tfw folloiriiig. Tho pNMnn whtoh tiio pin it to oonj it to be 
taken from the diagram of stresses. A trial diameter is then assumed. The vor* 
tioal column, headed by this diameter, is to he folloivcd do^n, tiutil a number 
nearest the pressure to be oacried is found. At either end of the horizontal row 
tirnt Jooatod will bo found tho proper TridOi of beeriny. Sttowiiig tiie iriddk of beer* 
ittg, diamotor end prewnre* the motiMiiii to whidi the pin ie sabjoeted nu^ he el 
once calculiited. Turn, then, to Table XiV, and see if this moment agree with the 
working-moment coi-rcspniidiug to tho trial diameter. If it docs, all right: if not, 
another IruU is to he made, with a new assumed diameter. Alter a little experieuoe, 
the first triel nill be auflldent. A oonaidanitioii of ottiar deteil«» aneh ee widtha 
and daptha of eye baxs» ele., will fteqiiantly eid veiy moeh m tiioae Iriala. 

Table XV can bo used for bearings in members of lateral systems, portal hrftO* 
iug and veitic.il fiwuy bnicing by raultiplytng tlic calc\xlate<l stresses by two thirds. 

To find the \mA\, value of the ratio of the diameter of piu to depth of eye bar 
in en iron bridge, by oonndaring lha touaion in Ihe bev, end the preiawre hetirean 
the pin end ber, — 

Let 

ve = width (if bar, 

f/, — ikpth of bar, * 
d = diameter of pin, 

C.v htlenaUiy of werUngoenpnoaiveatroei^ 
T B intonaiJQr of narking tanayeatoaaet 
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- mMJ 

M^T a tanakm in Iwr, 

Hti comprosaion on pin ftiul eye, 
of ooOTM, are ec^oai; aud, as C ~ 6 tons wheu 7 a S tous, thore results 

4 « liTi e O.88W1, 

"^liiolrdKnnUiaiClMdtonteter of Am pin aSumld nerar b« Ims fluai eighty-three per 
of the depth ol the bar. It is possible, thoogb, that good iron of t«Qiiljf>liva 

^Tjiig tensile Ktrcngth -will resist more t?!nn Uiirty tons per sqmiro inch in MWfMiMton: 
oonseqnently d may be takeu at O.Sd] us u matter of ctmveuieti?'". 

To find the proportiou belweeu width and depth of bura fur tiio smollei&t allow- 

able |in in an inm lnfjdg»^ 

Let th* notntim be ai before, and first let as suppose that there be but one pair 

of bars acting at each end of tlio pin, an ! tlnit the total tension be ft fixed quantity. 
The akoiiA in one bar ia tr<^i7', and its moment is w^iT. This mast be equal to the 
resiating-moment of the pin, which is given by the wdl^known equation. 

Hera £ is f 7, / as ^tr*, and i> = r = ^, subetitatuig whioh givee 
er 

. Sir d» 

No«, to make the diameter of flw pin aa sBaO ae poeeible, the moment of the 
stress must be made as small possible ; and, as the stress is constant, the lever- 
arm te most be made as small possible. But the product of « and di ia & con- 
•tants 80 iriien « ia amallest, di must bo gceateet. But the greataet valoa of di ia 

rabelitating lAieh gim 

fPs= 0.2 7 4t/„ 

or about one-fourth of the depth of the bars. 

n tlMra ba two pain of einilav ben aettng at eadi endof the piu, iiuA^ 
pair, Hm aqna&n flCnomenti will ba 

er 

^_ Sir ^ 
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As b«foro, to mnko d a minimnm, te innst be nudt ft tniiiitnaw^^ of 4i tktOBUtUMl 

therefore d = vliiobi sobstitnted, gives 

or about oue- fifth of the depth of the bars. 

For Ihteepalnof diadkff baxiftiaadtradofdM^, tli»e^^ 
triUlw 

BttUtiiating in vliieh ^ifmcd gives 

or about one-uxth of the depth of the bars. 

FimU^, if tben b* km pain of rimihr hm at «Mh «id of tin yin, the equa- 
tion or nuwMnlB will be 

which gives 

or obout one-soventli of tiio depth ot ban. 

To find tlio greatest working Kliearlng-stresa (supposod tO llO anifonnly dis* 
tribntcil) in terms of the worlciiig rcsiutauco to tension, — 

Let S = actual vau-ying resistance to shearing, cuuBidered uuifonuly dibtributed. 
Tbe grsotMi taIqo of 8 will omospond to * voloe of w eqoat to ; for tnppon 

tbe momeut to remiun at Its miiximum valae, and the dimensions of the bar to vary 
(con!-pqnoiitly tlie stress thurcin iilso), the tension in tho bar will be greatest for the 
value of w corresponding with the greatest value of d^i therefore the ahear will also 
bo greatest for that value. 

. Einatingl]ieteukntotlioriM«rgi?e« ^ 

Substituting (otdi , aod 0.274 (fi) for w^gifos 
and 

8 = 0M5T: 

for T = 5 tons, 6' = 2.725 tons. But the greatest allowj'bl'^ vnlno for 5 is, accord- 
ing to Bender, 2.ifl tons. This proves, that, if an iron pm be properly proper- 
ttonod for eracbiag and bonding, it will bo atrong onooi^ to toaiat alioar, and in 

fact, that, before tho pin oovild shear, it wouM either break by bending or crushing, or 

the eye of the bar would give way. A simibir investigation for steel bridges, where 
T = 8.85 tons, C = ^ T, and II (the intensity of working bcuJing stress) = l.HT, 
ipnwi = 0.6714rf„ «' = 0.1816(/,, and S = 5.912 tons = the actual iutcusity of 

ahaoiing^atrMs when the pin is Btramed up to tho bending- Umit, and the ratio .~ 

for tiiat oondition of atraoa ia ai its nuumvm, and oonseqnently the area of the bar, 
tho tandon thorsin, and {ha ahaar cq tho fuit at thoir nniinin. Bnt tho gioataai 
allowable afaoar 14, aeeotdiog to Bandar, |x^x2'«|}x8.iN(s 4.8S6 toMi ao 
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Ihftt, for % ]p»it of steol bars pulling on a bImI pin in oppoidte dircoUoui* or a single 

steel bar agaiust a steel bcnrinp, Hie pin in certain casP3 will be linLle to ntptlirabj 
gheariug, aud will tliereloro have to bo porpoitiouod to resist that Btress. 

After maldng out tlio diagrAiu of stresses, nnd piopoi tinning tho maiu members 
of a bridge, cornea tlie detcrmiuatiou of tho 6t/c3 of the pius, — a matter tluit is liable 
to oeenpjr more time ibMi did all Qm prenons work. Knowin? <be ibe* of all tiia 
bars in tho ilnietiire, tbe olear width batween tlie innor faces of tho top chord chan- 
neh (and conscqnontly that between post channels) can be found, after •which the 
arrangement of all tho bars in the bridge can be di cidcd on. Care mnst be taken 
in performiug the latter, that no two cousccntivo chord bars or ties conpled on tho 
lama piu pnll is tha same direefion, unlesa this amaugement redaoe Qie beadbg- 
moments, as it can sometimM be made to do ; that tiie lighter set of bar» be so placed 
as to reduce the bending-moments ; and that tlio diagonal tics be placed close to the 
posts, and tlie beam hangers close to tho ties. K^pocial care is needed at the panel 
point where tlie number of chord bara is different in the consecutive pauclii. It is 
possible to arrange the bate there, se ttiat tiiere iriU be an extreme^ lai^e momeikt 
produced, or so that it vill be smeller than at any other paad point of tbe bottom 
chord. The neglect of aoj Of these preoautions will cause an tutdne bending* 
moment on the pin. 

Tlie arrangement completed, the next questions to be decided arc, first, under 
what condition of loading will each pin take its greatest beading-moment, and, 
aseottdt al i^it point im Um pin mil fine he foond. hk well proportioaed railroad 
bridgee; the bottom diord pine are enbjeeted to their greatest bending-momento when 

the bridge is fully loaded. Under tliis condition, the stresses in the chord bars can 
be taken from tlie diagram of stresses ; but those in the main diagonals must bo 
calculated for the load covering the whole bridge, and their horizontal and vertical 
components be asosrlatned. 

After having had some practice, one will ver j often be able by simple inepeeiion 
todeeide at what piaee the greatost mommt of fleure will exist; bn^ if not» it iriU 

be ncccHsary to calculate the values of both hmizontal and vertical moments at dif- 
ferent points, and find where their combined result is a maximum. As Professor 
Burr shows, tiie actual moment is represented by tlio diagonal of a rectangle whoso 
sides represent the vertical and horizontal moments. It is usoaUy more convenient 
to square the eompcnent moments, add the resnlte, and extract the square root 
of the som, than io make out a diagram. 

The moment of the stresses can be easQy reeorded hy drairing two enrred lines, 

as shown in the accompanying diagram, representing the 
^ directions in which tho stresses tend to bend the pin, and writ- 
iug each moment as calculated under one or other of them, 
/ aeeordmg to wbeUier it would produce positive or aegatiTe 
I rotation. The differenee between flw snme of eaeh eolnmn > 
will give the aotoal horizontal or vertical moment as the ease 
maybe. 
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As a rale single beam Iiuh'^h ; and large slugle coimlci's nrc to be ■rrntfii! m 
aocotmk of the great bending luomcuk wluoh tiiey protiaoe upon the pina. 

The size of the pin for the hip joint depcuda greatly npoa tin MMBgWlMlllt of i 
tbe Im wlucb ft Mapba. In s double iiilttMatioa bcidga iriim flMW art tuo liip 
Ttrtioaltf two long main diagooala and two ihort onaa meeting at the hip, the best 
armngemeiit is to put one pair of dingonals on the outside of tho clionl and tlie 
other pair inaide, oloae to the bearing, the verticals coming next and being liept apart 
hf ft fillar. If Am noiomii on « hip pin bo very grcat» Ibo «M of ft ateal pin 
vQl pvovo ftdvaotageoittinndiMiiiglibiMoof ttM«fo>bftr]M^ 

Except when iho vbacA pins are small it is not necessary to consider the cfTect 
apou them of the stresses in the latertil rods, but whencrcr possible tlie latter t-lioiild j 
be 80 arranged that the eiSeot of the stress in the outer one will be to cUminisli the 
horiaontia oomponent of tiie moBMat «a fto pin ««iim2 by fiw alfioaoa in <ha traw 
mnttboMt if tiw fondHif^ of flio dhofd ond irab alreMoaiitobend the pin convex 
to the middle of the span, the outer rod, when bent eyes are employed, should point 
towards the middle; but, if it be to bend the pin ooncaro to tlm tnidillo of.tbo 
span, the outer lateral rod should point towards tbe nearer pier or abutuiciit. 

Ibo onda of piu hftvo to bo ndoood in diametor, op tbol iho anti tad pin j^Ioti 
may bo «OMwed tlieroon. Care ■ mosfe tiMrofbM be tak«i in proportioawg small plw 
to see that suffieient area bo krt ntidcr the root of Hie thread to resist the tension on 
that section caused by tho greatest transverse components of tlic stresses in the 
lateral rods. The prmcipai objection to Uie use of large pius is not always the undue 
treight of Iho pini themselfofl. b«t tho inoNOflod dee of tho diofd »^ 
and the room that they take up. 

On tho other hand, it is not ftlwiiys desirable to use the smallest possible pin, 
as the width of tho boarhig is an inverse f'i?ictiou of tho diaracter of the pin : so if, 
owing to the ueoessity of a large uuuibcr oi rivets, the ro-euforoing plates be long, 
ftui^booeoDeauoaltouMMooothodiaaMloraoaatondaooihoiridih* Thioken^ 
iag Ihi heads of eye bars has aa iii|ttriono oflbot on tiio pins, aUfaoiigh ft boBaioiil 
€■0 upon the heads, for tho lever arms of the stresses arc thereby increased. 

Bridges with weak pins will not necessarily fail by the rupture of tlie pins. 
Iho naoott for thia is thai stated by Professor fiorr : " The distortion of the pin 
beyond tibo olaalio limit will nliovo flio ontiide «yo ban of n kigo poction (ta aooa,« 
eases, perhaps all) of the stress in them. This result will prodnoo ftTedistribtttfoa 
of stress in the oj o barp, by which some will be nndcrHtrained, and the others cor- 
respondingly overstrained. Thus, although the pin may not wholly fail, the safety 
of thi joint will ba aaorifioed by tiio OTorstrainod metal in the ey»>ban." 

Tliopnoidiagportimiof lhii«faftploroayboieimodfhalA«pr^ «f pin propoi^ 
tion and the oiibotqaont port tho frm^iet. 

The ordinary method of pin proportioning b to figure the diameters of a few 
principal pins, and to make the others of the same sizes. Thus, by inspection, can 
be found which pin near the middle of tho bottom diord is sobjected to tho greatest 
biadiaf-moBaMit, XfthanboaaovnaniBbarof paaoliiaUMapan, it viU Im Hia 
nriddlepin; b«tt if llimboaii oddaandMtrtUmftybafbaMovaaoondpinflnn . 
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tiw inifMli»> MwwSiag to tlid nttaber atid Kmrngoment 6f fhe diorA ban. Th« v«r< 
timl oomponont of tho beudins*iliiMii«nt on nny ono of these pins is so small in com- 
parison with tho horizontal compoik«iiti tiiat it nifty be neglected. For bridges with 
an even ntimbcr of panels, — 

Let 

ft 

T = tension in middio panels of lower cbordi 

and 

i» A Uie average tiiickuos3 of oUord bara in these panels ; 
then, approximately, 

= bending-momcut on middle pin. * 

This formula may be applied, but perluips with less nccnraey, to a britlgo having an 
odd nunibei- of p inols; and, if Uio chord be properly packed, the error will be 
npou the side of safety. 

'Willi the neeptiott of the ehovd pini at the ilioea vA ftt the first pnael points 
firom the ends of the span, all the lower ehord pins may have a diameter eottss* 
ponding to maximum bending-momcnt, unlcs-i the bridge bo a long or very 
heavy one, when some of tho inteimciUate pins may have their sizes determined 
either by caloalation or by interpolating ; taking care in tiie latter case tliat they be 
Ubonlly proporttoned; for fbo strength of ft pin rednoes rapidly with the diameter. 

To find the sinsof thstowsr dhord pin at the first panel pol»l»nse the fwnrala, 

* 

for the horiaontal oomponeni of the moment, and the formola 

for the vertical component; ( being the intensity of working-stresa for the hip ver- 
tieak, A lliiir aKe»(B. B.), to be talnn from TMde VII, Uie diaaieler or tUdmess 
of a hip Tertieal, and tff that of a beam hengw. 
The nuMnant given by tiw fbnuiila 

applied to Table will determine tike diaMv leqaired. This diameter may 

be nsed also for the pin at the shoe. 

Where a bottom chord is roiiiroHf>d of a continnong strut and eye-bars, the 
stresii Oil the former caunot allcct liic pm, for it has no lever arm, consequently in 
proportioung any bottom ebord pin txe^ Onat at tht dtot for sneh a'ease tiie Telne 
of T is to be found by mnltiplyuig the earn of the areas of all the chord bars in the 
panel considered by tlio intensity of "worldng stress for tlioso bars. 

To find the size of a hip pin, lay off the streeaes in ono hip vertical and one 



• 9iQc venr hag epan denUc 1nbfcbrM«stUafonanl»wiUaI«eaaeuaalvedia>Mta^^ 
wUoh OMM t&e amagHBtfit «f the «M fOSag onrt be nUmI en to ledneettelieadiBg 
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end main diftgonal to any convenient scale* and find the value of their resultant by 
the parallelogram of forces. This rosoltant will determine the thioknras of the bear- 
ing, a trill ^■SMliC iMiiig fin* Mnmid. IkiffMdbk Iba* Ihii bMdBg^iMm 
to 1m inonuad, BO tint tii«m irill 1w aumgh iMotolniiitetiwfllnnHlkiott^ 
batter brace, hip verticals, and diagonals, to the chord, as will be explained in the 
next chapter. An approximate tort of tbe eoffioieiwgr Of the bOMing in this respect 
may be obtamed as follows : — 

Let 

A as liiearaiflliheaeelimioftlwenApaiNlorilMlofchofd, 

d B depth of chord channels, 

t =3 thickness of web of an end chord channel ; 

tbm tiie bowing ilioald noi be Iom tiuui thai gnta by tiie formida 

Next find the distance / between the centre of the bearing of the chord and that of 
the diagonal, also the distanoe I' between the former aud that of the lii|i vertical, the 
latttrlMbgon tiM inoide. Calling fhe stNaa in tfao hip mliMa JFV «nd <hai in tlio 
diagonal 8, tiM verlieal moniant irill be Fl', aud the inbUned one 8L Next lay out 

these components to any convenient scale in their proper directions, and find their 
resuitiint by tlie paraUelogram of moments. Tim resultant wUl determine the 
diamotcc of the pui. 

If tiia diameter Ibond agraos with the ona aammed, or if it doaa not agraa, ihnk 
Tided that tiia bearing -was not determined by the trial dianialor, all right; but If Iha 
bearing weeo ao datarminadt aiul tho two diamatecs do not agraa^ aaothar trial mnii 
ba made. 

Where there are more than two main diagonab coupled at the hip, as is the 
oaaa in donUo'intgnaolwB and in haavy ringla^intaraoelion bridgaa, ona pair la 

coupled on the outride of tha boaring, and the other on the inside ; so that ihaor- 
etically the greatest bondinfj-uaomout h equal to the stress in the outer bar mnlli- 
phed by the distance between the tsautre of the bar aud the centre of the bearing. 
Bat praotioally tha moment may be greater, for tiia diatribntion of altaaaee among 
tha diagonala may not be aa aaaoniod t ao it la veil to detorralna the mamant by 
imagiuing the outer bar not to east, and proceeding as explained above for the case 
of only two main diag^onals at the hip, excepting, of course, that the thlcliues^ of the 
bearing must be ascertained by hudiug the resultant of the stresses in the two diag- 
onala and tiia hip vartioaL 

Tb ealawlato tiia lisa ol an inlamiadiate upper ohord pidi die nidthi of ehord 
and post bearings are to be determined as showu in the next chapter. The fomNt 
is given approximately by the h\bt Ibrnmln, ^here A is the sectiou of the panel of 
the chord on the side of the x>in towards t.'ie middle of the bridge, and ( the tliickucsa 
of the eorreapoDding ehannd. The other is given by the lornrak 
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wli€re .1, it) the area ojf tlic j>ectiuii of the post, ami h the ileptii of oui; of its uliaauek. 

No&l re^yoivo uiic-liaU' of the diagoual alt&a vertically aud horizoutally iatu 
i'aud /''rei^eotivd^. Lei t rqpresent the di»tance between llie oenke of the 
oual aud tliat of the oxteimoit plate, mi. C tlio dititance between tU« foiiuer and ttiAt 
of Uto ohoiMl'beiiring ; tlien 

I = I'l, 

u = vn\ 

ir the l/riilgo be ii buinii one, it will be ut'GCSbai'y to caluuluto only llit; idzu of the 
piu ai Um lop of tbe firetverUcal poet from the end of tke brii^, and to make all 
Uio intermediate lop cliord pms of the same size. Bat, if the bridge be a krge 

Olio, it will bo bclt-t r (i> calculate the dixiuetoi* of tbe pin ou the pont midway between 
the end YoHiciil and the middle of the spHii, nml to mulic all the pins between 
UiOi>e places ot llii^i diumvtcr, aud all the others of tho name diameter us that at the 
end of the first vertieid post. ~ After the diametera of tbe top chord pum arc deter- 
mined, tbe potit and oJiord bearings sbonld be teeled by applying Table XY, al* 
though in iQO&t ca^e» they will be found ample. 

lu double-iuterHPctiuu bridges, where the diugoaaU are halvcil, hjkI coupled on ■ 
puis paiMittg tluruugh the uidiUe of tbe postal the si^e of any one of thciic piud may 
be fonud from the moment 




where 8 ia the atress on the diagonal ae given on the diagram of btreMua, aud v tbe 
width of ouc of the main diagonuk. 

In all pill prnportioniu;:; it must bo kept in mind tliut llu' diiiuu tLi of Uil \an ix 
never to be les.s tliau eight-toiiths of the depth of the duepct \n\\ c(.>ii|>lfd iheicoii. 

The moment tm uay pin belonging wholly to a latt-nd nystem or bway bracing 
can always be foand by the formnb 

J/= I'l 

where L' m tlte reaction at one bearing aud I the di»tuuec from the eeutrc ot this 
bearing to the centre line of the force which produces l\ It muiit uut bo forgotten 
that only one set of diagonals of a lateral system can be in tensioa »t onee, and that 
the tjtretis on any diagonal (where single diagonals are used) shonld be divided 
equally iKtweeit the b( ni in;; tuoking P equal to half the gimtest working stress on 
the ili igonal ijicluding initial tension. 

The value of I aud consequently tliat of M cau be reduced by making the eye 
of square iron and weldmg it to the rod. 

The author wishes to call attention to the superiority (in his opinion) of the 
siiapk incdhod ^'iv*Mi for proportioning lower chord pins by formula Over the appanm^ 
more accull'^^ one previously explained. 

Xu the turmv;! method, when thu proper prupuriiou of width to duptli of buia ia 
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adljertni to, tliw ihumolM- ut kiie piu6 will be BliuoBt eigbtrteatijui ot tUo deptii ot iha iMrts, 
and will be gr««t enough to xesist tlie beDtlmg-uiomente pcodaeed by my legitiouite 
melliod of pMking. Horeovcrt after tite dkmelen of (he pine beve been deter< 

mined, the chord can bo packed, if it be advisable, so as to reduce the l^cndiDg- 
motocnts. Tliis superabundtinco of btrougth iu the pins ia obtained at the cxpcusc 
of a iiligUt increase iu the weight of i^ou; and Uie increased sizes ot lioads for diag- 
onals een do no bam, beeanae they do nol enl»r any Inmted qpaee, ae ^ dte hedbi 
at their other enda. 

Bat if, by a skilful arraugemeut of the piicklug, ■wo can so icdace the bcndiiig- 
luomeuts ou the piuc, that the diumclcrs luny be luade small, auJ the proportion of 
width to depth of bars 'larger thau tliat louud iu the last eliapter, the piiid mAy uut 
be as strong as we inngine them ; lot we oanuot be sure thai all the bars are going 
to pull u!> we have assumed that ihoy vili. It may be that one of Uic outer bars is 
a tiitlc long, nti'l ^vi!l not pull at nil until the others are weli stteldtsd: what, then, 
becomes of our eaknlntnl beuding-iuoiueutii '.' 

Auy ouc of tliem uiny be so greatly excvedtnl, that the pin \iill be strained 
beyond the elastie limit, and will bend pereeptiblj, so ehanglag the diatribntioa of 
stress in the panel (bat one or more of the ban also may be strained beyond the 

©IflKtio limit. 

But if the pin be large enough, or more than largo enough, it cannot bend per- 
ceptibly: conboqueutly the distribution of stress will be much more uniform, e\-eu 
if tlte bars be of slif hfly nneqiial lengths. . 
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CHAPTER XIV. 



PROPORTIONING 01^ UiEliR DETAILS. 

TIm t&KM of stey pktM OMd ftt Uie mds of lyiteOM of latti«iiig or doublfi-rivotod 

laoiug are given in Tabic XX[I. and the sizes of those used at the entln of systems 
of aingle rireted iMingt in Table XXUI. The haadingt of thoM tables fully explain 
their use. 

Stay platos oro to bo omplojed *t the middle of posts (aeo PI. IX* Fig. 6) 
vben the dingonata ara lialTod* and oonneetod by pina paaaing Miroitgli tlie poata ; 

tlicir sizes being taken from the bofore^mentioueJ tables. Stay plates, if tli( y can ho 
m ciilleJ, are also to be used on (he lowor portal itratai for the purpose of altacluug 
the knee braces. 

Fin bearings at« sometimes figareJ, oonutiuj; in both re-onfordng plates and 
web ; bat tbo latlar is ofton omitted. This mold be nesesaaty when the liolea in the web 

are boiei.1 indcpeudont^ of thoae in the re-enforcitig j>lrtt©«, for then it i« wry im- 
probable that the fliffciont lioltM will coinci'lp ; but, wlien tlie re-onforcing platen are 
riveted to tlie vrob before boring, suoh a precaution is not only unnecessary, but is u 
waste of material. 

By eoBsnlting Table XVI. cau be Iband ai a gknoe, aoonrately enough for all 
practical purposes, tho thieknesa of wob of any Uakm Iron-Uilla ohaimel bar, when 

the weight is given, or rice rcria. 

Where re-enforcing pktes act alsu m sirlkn lAnlw, there should bo wheu prac- 
ticable one on each side of the web in order to insure a good, substantial joinK 

The length of a sim^ re-enforeing phite depends npon the number of rivets 
required, and is Urns determined. Find, by dividing the stress given on tin diagram 
of stresses between Ibc viirltdis tliieliiiesses of Iron wliich coustituU' tli< In Ai Inj;*. tho 
amount of stress which tho pUtt* considered is to cui ry. It is well, though, to make 
a liberal allowance, say twenty per cent, for the pua6tl>i(ity that the stress may not 
be divided proportionately to the thieJtnesses. Nett multiply the stress so obtained 
by the perpendiflular distance between the eentral pfauie of the >«.enforeing plate and 
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that of tho pkio Ok- web re-cnforcod ; tho protiact will bo tlic momcui oi lUe stress upon 
tlio n*«iiforciQg pkte* Divide tliis raomiait bj the working bcudiiig- moment, taken 
fi»m T^bla XVnit for a rivet of the dtaiiis4er to be emplojed far tlw eo mn etfam; 

the qaoticut will be tUo number of rivete nqviretl to resut Ix n ling. Kezt find, 
from tiif> «ame hih]c, tho working bortritjw-Hlross for one of tlie rivets upon a 
pUto of the thiokncii.s < A the re-euforoed plate or wob, and divide it into the stress ^l UioU 
the latter earriea ; thii tjuolient wilt be the anmber olrivets reqnized to afford enifteient 
bearing. ISie greater of the two unmbere thoe obtuned ia the one to be emploiyed.' 
Next make to scale a drawing of tho re-enforcinp plate, laying out the rivets, if it be 
l>os-.il)]o^ syniinetrically, and thus drtcnninc tiio length of tho re-euforcing pktp. 
In c&aii uf a re-enforeed pin hole, it tho diameter of the hole exceed one-hiUi the 
width of tlie plate, it will be neeeaeary to pat more riveti in front of the pin hole 
than bcliind it ; the ratio of tho number in front to the wbole nambev being e^oal to 
that of tlie diameter of llio liolo to the wiJtli of tlie \>h\lo. 

Tlic lucfhoi^ ot' propci'tinning splice plates or connecting plntos is somewhat 
simihu'. For iubt;inoe, let ua take the plates at a joint in the top chord ; which 
jojat, tw reaeona stated in Chapter IV, ta elwaya to be pkeed a fisw inehee to that 
side of die pin hole farthest from the middle of the span. The stress on the por* 
tioit of the plates to this side of the joint is that due to the stress in the pnncl where 
the joint occurs ; while that on the other portion of the plates is due to the stress 
in tho next panel towards the middle of span. The number of rireta on each side 
of the joint will be dependent npon the etreeeee earned bj the ehannel ban of the 
two adjacent panels, which stresses are most readily determined by multiplying the 
aren of the chiunu'ls by the intensity of working stress given in Table Vlir, and by 
which they were proportioned. Tho stress on oacli channel is to be divided equally 
or otherwise between the two eonuocting pktes, and the uamber of rivets on each 
ride of the jmnt is to be determined in the eame manner ee lor re>enli»eing plates. 

To determine the length of tho cover plate, find in the eaow manner the 
number nf rivets upon carli side <,/ flu- joinr, which mil take up the stress carried by 
the chord pkte, which stress is to be found by multiplying the area of the section of 
the top plate by the same intensity as in the last eiie. 

At the hip joint the seelton of Hha oonaeeUng plates must answer two re^tdre^ 
ments; first, their area (ncgleoLing, on account of its being benf| the effect of the cover 
plate ) luust he snffitiont to transfer to tho chord a stress eqwal to that in the first 
pAnol; and second, that the \<'n\ be.iring be snfficient for tho resultant of the tensions 
in the diagonals and verticals mciiting ut the hip. The length of tho cover plate at 
the hip oannot be ealoolated, for it earriss no stress, simplj addling to the rigidify of 
tlie joint, and keeping the rain thsvefron. 

The area of the greatest section of the connecting plate at one side of the shoe 
miule l<y a planfi {>erpendicul;>r to tho du'cction of the batter brace should be equal 
to tlie urea ol one batter brace cliaimel, or greater if the shoe pin require greater 
bearing iliaii this wonld alford ; and there shonld be enoogh rirets to transfer the 
stress from the batter braoe diannel to the oonneoting ehannel w plate. Should 
the batter-braee ohannets bear against the dioe plates, as tbey onght to do, thnte 
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viUbc more rivets th^n ii(K'Osct»ry ; Imt >,iicli a ljeaiiii>< nlionUl not bo couatoil npou. 

Tho rules for proportiouiog shoe, roller aud bed plates arc given in Chnptcr VI. 

At the iutermcdiate strut counectiou, tlicro diould be euough riveU used Lu 
raspeet to bending and bearing (o transfer tlie ealoolated stress apon the strnt to 
Uic coDuecliug plates. 

The method of determining the dimension^ and immljci' of rivets for oxtensiou 
pktos on tho uppor euds of posta Li simiUt* to thut explained for splice or connect* 
ing plates. 

The thiekaoss of tlie ire*enrordng plates at tbe lower end of a post is detttrmised 
bj tiiA bearing nMiniMhl; and tiicir length in the maimer already desoribed. The reason 

for cnttini?: nwiiy the bottoms of the jinat ehaniiLls is merely to pick the chord more 
closely, and thus rciluco tho beiuliiij; monii u*s nn tlic p in«. Bnf, if tlio method of 
pin proportioning recommended be adopted, the uece$sily fur cutting away the chan- 
nels, to any extent, ranidies ; for at tbe middle of the span the veb stresses are so 
small, that their moments are neglected, and the pins at the feet of the other posts 
have nn excess of bf rcn[j;th. 

■^Vhoi), because of their hirge diameter, the lateral rods cannot be attached to 
the chord pins, but miuit be coimected by vertical pins passing through tho lateral 
stntl jaws, thij must be made to pnll on the middle point of eadt of the latter pins 
by using a double eye on one of the xods, with a spaee between large enough to 
admit tho eye of tlio other rod. This is to avoid nil tendency to rotate tho lateral 
strat ahont its axis. The rods can be rctanicd in place by fiUers above and below- 

AYith this detail, there is a tendency to break the jaw through the pin holes, 
beeaiise of the moment of the lougitudioat eomponent of the lateral tod stress : 
the jaw plate mast therefore be made wide enongb to property resist this moment. 
Tlie easiest way to proportion the plate is to assume iU dimensions, and to find its 
resistance io bending, neglecting the area lost by the pin holes f which area is cIoro 
to (he neutral surface), and making up for the omiseiou by proviiUng a httlo extra 
rcsistaaee. 

To Otastrate the method, let ns take a two^hieh lateral rod, maldng an angle of 

forliy-five degrees with the planes of the trusses, and let the distnuce between cen- 
tres of pin bearings be six inches. The stress on such a rod is 8.11 x 7.5 -- 28.55 
tons, and tho bouding-momeut ou the pin is i >: 23.65 x d = d5.8 inch tons, oor- 
req^ding {vide Table XIV) to a ^meter of tiuree inches and a fimrth. The dis- 
tanoe from the axis of the pin to the centre of the jaw bearing will be about 
11" + 2" r 1" -r ,1" ^ 5 ". Tho longitudinal component of the stress on the lateral 
rod is 23.55 x 0.7 = 16.5 tons, makhig the moment on tlie jaw abont 5 x — 82.5 
inch tons. The thickness of the jaw plate nhould bo i", and let us an^umc the widtli 
to be 7". The reMstiug-momcnt is given by tho well-known formula, 



vhere /«' = 11.2fi toun, I - <= tV ^ V ^ 0^' ^ - f Subsiittitiug, 
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Jf to " — ^ = llo ineli tool, nearlj. 

Tlic tlilierc'uc't! bc^vion 11. "5 aiul 82.5, or 32.5 inch fontf, ii* gi-ciitc-v ihim the i-osistiug- 
moment of tiio luateiial lost by the piu hole : so tho dimcnHious oiibiuueil arc ample. 

A fliaultt «d«ii]ftti<m is BfloeMttty At iho poitet rod to portal strntii* 

It is ovidout that the piu holes jnst treated shonld be pkoed :< s n< nr tho ends of Uio 
stmt AS cireamstAiieeA will permit, in order to reduce (Ue beading momenta on 
the jaws. ' \ 

It is uo( coiitom&ry to calcakto tho thickuesij of a bodm liougcr plate, bnt to 
makft it froih an ineli to tn inch and an oighUi : it ean, thoni^ nuder certain as- 
sninptlottS be calcnlatod. If the load on a pintc bo cous[>lcr( 1 uniformly distribntcd 
over tho portion botwepn the bf>am-haugor holes, and il tlie tl mf,'.' m' tlio hnnm be 
supposed to take np no beudiug-strcss, the pUte may be considered as a beam sup- i 
ported at the ends, and nniformly loaded. For inetanee take the ease o/ a twenty- 
fool panel of A single track bridge; the reaetion ftt eaob end of the beam » abont ' 
18»6toin. 

Snppose tho ctntves of the beam hanger holes to be situateil on the oomers of « 
^i'^ X 6" rectangle, the latter dimension being transverse to tho bridge, and that 
tiie tide* of the plate are W* and 9^', then th« bending momenl in 

M = i W/ = A X 16.5 X 4.5 ^ 10.1 inch tons. 

• The resisting moment is 4^, where K — 4 tons, I - moment of inerfift - \ y[^~ 

\ tP and <^ s f . Equating the moments, sabstitating and solving, gives d = 1.3 
inohea. 

Bnt aatiwJlAiiigea do Mailt braeiating the bendiag, and aa mno of the might 
comes upon the plate outside of the beam hingaca, it i» tafo enough to tain the 

thickness as low as an inch ami an eighth. 

Lacing, or, as it is often improperly termed, single latticing, is about the most 
common detail for keeping pairs of channel bars iu line : nevertheless, il most be 
inferior to latticing, oepodally when the latttoe bare are riTeted together at their 
intersection. By inspecting Tables XXII. and XXtIL it irill bo seen that a system 
of laeing-bars witli one rivet at each end of a bar requires much larger stay platea at 
the ends tliau does a corresponding system of latticing or double-riveted lacing. 

Theaoioal sizes of lattice or lacing bars for any strut can be determined only 
byMqMrinuBt: it ia thoaght thai thoaegiTOn in XaUaa XX. and XXL are ao 
strong, that tho struts on wluch they are employed woidd break in the ahaunele 
rather tlum in tlio hiiri?, aijd yet not so luiivy as lo cause ranch unnecessary use of 
material. It will be seen also in these tables, that the requisite dimensions of 
lattioing and being bare depend not only upon the sizes of. the ehann«la which they 
ooooeet, bnt also npon the distance apart of these ohannela: this w dn« to the fiiet 
that tho bars are subject to compression ag well as to ti nsicni. Tho lengths and 
weights of latticing and lacing b:irs can be found from TubU; XIX. It must not bo 
forgotten that tliese lengths arc to be used for e*(unatf» only; m they were obtained 
ftnm a diagram, and not ehedted by calenlation. 
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Tbe unnUeet U'Ubsiug-bai'a uxcd alioukl bo uu lest timu u i^uartev of an iuoh hy 
three inches, nnd tlio bend fur Jittachinenl .sliould be no lees than three inches long, 
so tis to permit of tlie use of two stfl^gt-i ed rivets. Thw bmvirr the trussed bars, 
tm<i the greutcr the disttuicc between theui, the greater i>houiil be (hu aecliou of the 
krnsaittg-lMW. At tite ends »f a sy^ma of (xxunug, tlie h^w sliouM bo tanied ftitd 
attach L-c1, as shown on PI. IX, Fig. 10. 

Tiie litjhtest bracket usf d s-hottM bo no wtak- r thiui ;i 21" x *2J" 1.0" angle 
iron, whieh .section is to be cuiidoycd only to attftcli iutonucdiate stmts to posts. 
Where there uo vertical »\xay bracing, the stresses on the brackets ore to bo 
OAkoUted as shown in Chapter IX., and tli« seetions are to bo proportiouMl by using 
tlia folkniiiig table of i^^proxiinate iutensitiea of worldiig^streaii. 



Len^fth of Strut, 
in feet 


IntenntiM of W<irkiiig-8tMM. 




4 
8 


• 1 

J.O J.$ '4.0' 4,5 
4.5 j ! JS j 4.-5 
. «.o «-5 l-o 1 j.$ 



The- number of rivets tiiat couueot the bracket to the lateral strut and post must 
be sidkliiii io tranefer all the vtresa in tbe braeket to eaeb of these membara. 
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CHAPTER XV 



DOUBLE TUACK. BEIDGES. 

For reafious given in Cliaptcr I, spttial iittonti<m Ims hitlietto been f,'iveu to 
biugle track liridgcs, but an the Japtmcso eugiaeer may sometime bo oallctl npon to 
dMign • dimbto track brMge. Uicte will b« fpym in Om chapter, ftltlMNigh they nuiy 
have been previously mentiouctl, the priueipal diffBTenees between bridges for mu- 

gle track aud those for donhlc triick road--. 

In the lu-.st jilacv, nf cnnrvj, double track ln id;,'03 nrc witler ftnd their live loadH 
twice as great m for corresponding single track bridges. This causes the weight 
flf the trade stringers and floor eyetem proper to be doubled, and a large moreaso 
on tiie rise and weight of the floor beaniB. Tlio live and dead load stressoa ou 
the trusses nrc nbout donhled, thus necessitating in many caaeR tiie abandonment 
of rolled chnimcls for tlie top chords luid batter braces. 

The total wind pressure per lineal foot is increased beoAU<jO the area of the vcr- 
tieal projeeUon of one traae ie gnaterr and as the traeeee are iurtber apart tho 
length* of all tlie memlMm ol the lateral ayetems and away bracing are inereaaed, 
consequently the weights of these portions of the structitrc are doubly augmented. 

For reasons a:iv<»n hi Chapter IX, tljc htr^^f^es in the vprticrti swny bracnig uro 
greatly iua'cascd. Tlic wind pressure need not bo considered to afieot the stresses 
in the diorde or posts, for in tho firat place e^rU panbut tiie wind stresees both 
direoi and indueet are rednoed by the hiereaee of width of bridge, and in the eee<md 
place they are relativdy leas important by reason of tho doubling of the live and 
dead load stresses. For the same reaeon stiffened bottom ehords are not required 
in dotible track bridges. 

In theso few particttlairs only does the deeigniug of double trads bridges differ 
flNun that of nagle tvaek bridgee, and the author ia oonfideiit that taxyma who hae 
thoroughly studied iLu latter and perfected lumeelf Uterein will have no troable 
whateoerer with the former* 
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CHAPTER XVI. 



EGONOUY. 

Ibe lint point to B« ooonAtmif whan daoidtng npon tbe tljk of lMn<Ig» Ibr * 
oertaio atra^m eroMing, is the nnmber of spans. It in, in reiUity, a consMoratioa 
of economy which iletertuinos this; for the best briilge to build, provided that the 
water-way bo not too mnch coutraot«d» is tbe one for which the som of the cost of 
•npenirnetim and the eost of fouiuUlions is ft nuoimam. If the wator>way bo 
too mnoh intorropleil, Che denga noold not he «i eeonontioiJ <nie, even if its first 
ooet were the IbmIi bemase of the risk of wa^ot to vhioh tiio bridge would ahrnji 
he subject. 

lu most oases there is not maoh ohoioe oonceraing the number of spans, local 
considerations often determining it ; but there is occasionally a choice between two 
or even three nnmbers. The only way, then, to deeide is to make a rough es- 
timate of tUo cost of the saperstmetare and the foiindations for each nmnber ; then, 
if the choice f5ill itboitt equally between two nnmbers, it is better nearly always to 
aJopt the ioag^r spans, because the actual expense for the foundations usually ex* 
ceetls the amount of the preliminary estimate. 

The spans in this eoantiy at river erossiags are in the author's t^nion al- 
together too short considering the sudden rises and the immense Tolamm of w«t« 
in the mmmtain torrents. 

Tbe recent washouts in the neighbourhood of Kioto will give force to tliis 
statement. 

The nest eoonomie eonsideration is that of depth of trass. Upon this sabjeot 
much has been written, and many investigations have been made ; the general eon- 

elusion hoin;,'. tliut the depth should be from one-scTcnth to onc-toiith of the span: 
some Engli-sh writers say from one-tenth to one-fourteeiitli of the span; while only 
one, as far as the author knows, — Beiyamin Baker, Ivaq. C. I'., in his treatise ou 
**Bsamer Colnmns, and Arabest" — makes it from one-fifth to one'seventh of the 
ayiii« 
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Sacb investigations being purely mathematical, and iuvolriii*; the uso of tbe 
differential oaloolas, are of little practical valae, as tliej cannot take iuU>acoount 
the nnmennift TAiiables that ongLt to be oonndored. Hot only do llie etreeMS ia 
a trnw very with the depth» but eleo the inteiiMtiee of mwldng-etrew in the com* 
pressiou members. These, again, vary with the number of panels ; nuil this 
variation is according to a kw or Mw<^ altogether too complicated to be bandied by 
the calculns. Again : tlie intensity of working-stress varies, or should vary, accord- 
ing to the poeitioD end importeoee of tite member. 

In yiev of the eomplextty of the vacation, end viehing to determine the moot 
economic depths for Pratt and Whipple trusses, tlio author, a year or two ago, under- 
took to fiolvo flio piT>l>lera in n practical manner by figuring out a number of dia- 
grams of stresses, and bills ot materials. At first Ito considered that it would be 
neoesBftry to ealeaUte the total eetiuil eost fot every com, bnt upon ftirther iavee- 
tigation found that it would be snffielent to figure ont the eeetione and wrighte pev 
lineal foot of the different members of one tnise, multiply those by their respective 
len-jths, and sum up the products, neglectiug till consideration of details, because the 
differenoes in the weights of the latter balance each other. Thus, if the depth of a 
trsM be ioeciMed by one foot, then noidd be a Utile inoNaae in tiie of ttie 

lattiee bars and rivets and a deereaae in that irf the pine and eye*bar heads. TbMB 
may be taken as balaneiug each other, without making any appredal I'' n or. 

' The luost ceonoratc length of panel was at the Sfimc time investigated, nnd was 
determined, without preparing complete bills of materials, by considering only those 
poctione ef the atraetme whteh areaffaoted by the variation in tbe number of panels. 

Eoottomy in pony trasses is an dement vrhieh oogbi seldom to inflaeaee the 
design, for a goud bridge of this kind will gene rally require more iron than the Or* 
dinary c;ilculiitions dcrannd. Instcfid of tiyiii<^ to avoid a littlo expense, regard 
should be paid to obtaining a good distribution of plenty of material, in order to 
partly compensate for the lack of rigidify which is characteristic of the pony tniHS. 
In very idde pony-truss bridges, espeeially vhen the length of span approaohee ita 
snperior economic limit, it might be well to mal<o a few calculations concerning the 
economic depth ; but t!ir nnmber of panels should be regulntcd by the slope of tho 
baiter braces, which should ik vpv he l>'ss than tn o horizontal to one vertical. 

The superior economic limit of the pony truss is not a fixed quantity, but 
decreases as the width of the brieve and the load increase. 

Alter making out diagrams of stresses, and bills of materials, for ovw one 
hundred spans, the author came to the following conclusions : — 

Th U if the economic depth bo c:ilcnliitcd for any spiin, whoro the panel length 
is in the neighbourhood of twenty fu«t, and if the economic depth for the same span, 
but viih one panel leas, bo ealoolated, the btter will eseeed the former by on« oy 
tvo feet. 

The principiil objections to the use of the dottUe intersection for short spans nrc, 
t!n». as the rmls arc long and slender, they will vibrnle more tlmn the sliortor an<l 
I irger ones of the single intersection. Any flaw in a small rod will have a propor- 
tionotely greater injurions effeot than the same sised flaw in a hvger rod. tioof^ 
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and dltiuder rodii are dilticult to trauupovt, uud t\ro liuble to become twiuted and beut ; 
though this objectinu c;iii be paitiully removed by halving tLciu ; ami, aa th«p08to 
are light, they will spnug moroimdov the nhock of riii>iilly uiuving luiul.-'. 

A« the i^idth ol' i.'oad\Nay and lite live iuad iucreai>e, ihc iiiteiioi hiiiit of the 
fbmble interMOtHm may be loverecl. 

l!llAOommou idea that a double- mtersectiou bridge diottld, for ecouomy'b sake, 
have more peiiels tliAu a siiigle-ittterBeetioiL liridge o{ the eeme 8g$n and loading, ia 
iooarrect. 

The economic dupth for a doubie-iutersecUou truss is about three feet greater 
than tliai for a niigle>iiiton«etion trass of the same egaxkt and number of panels. 

These inveittigations were made for highway bciigea, bntas the loads did not 
difler ver\" greatly from tlie lo;uls uscil in this ti*eatise most of the coiicliisious iin i\ ed 
at will hold good here ako. In regard to economic pnncl Jengili aud limiting length 
of span for single intersection truiibts the author hits derived the following results 
while m«king the esleolatioBe for the tmsMs, whose diagrams are given on Plates 
XiV — ZLtL First that for spans above one handre 1 feet in leugili tlie longer 
the panel up to the liiuit of twenty four feet, or perh ips more, the more econnmio 
tlie design. But a"! one has to be guidc'l somewhat hy appenranccs, it is bolter to 
have five panels iu all spans under one hundred feet, aud not to exceed a panel 
IflDgth of twenty* "oor foet hi any ease. Web dn^onals having a slope maeh flatter 
than forty-five degrees do not have a graoefol appearanee. 

The panel lengths that the author Tronld reoommend are given in Table I. 

And Recoud thut in ratlroasl bri.lges the economic limit of siu<'le intersection 
trusdes is higher thau iu highway briilges. This i* because of the engine exce«Ms, 
wUeib are made, by pUcing a pauel point between them, to uuultaneottsly afEeet 
the web members of the same system of triiingvlation in donble intereeetion trassee. 

The economic Umit for single intersection trusses in the t^ystem of bridges hero 
treated ia ( %'iJc Table I ) one hundred and eighty feet tor single truck bridgos, but 
there would not be much waste of iron if this limit were raised to two hundred feet. 
The author baa not made similai* investigations for double track briilgea, but would 
jndge that the eeooomio Umit would be flrom ten to twenty feet less than for single 
tcaok bridges. The limits given in Chapter Vt are merely to prevent the dengning 
ef trusses with too light diagonals and posts. 

Iu addition to what precedes, the following general eeonomie eonsiderations 

should always receive attention. 

Field riveting should be avoided a:> much as possible, and designs should be 
made so that all the parts will come together readily during erection. 

Biveta should be apaoed with regularity, so as to faeilitate tiie pundnng of the 
botes by riveting madhines. 

It is generaUy beiteri in through bridges, to paok all but the end ehord bars 
outside of the poets, and reduM the width of top diord plate to a mhiimum. 

It is not always better to employ the apparently most economical depth of 
channels. For instanoe, if there be a ohoioe of using ten or twelve inch channels 
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lor the top cUonid and bittt«ji' bruc«i», and it ilie nfc/iw/ur alone woald indicate a saviog 
of say tlirce liundred pouuds of iron by the use of tlie twelve-inch clmaueU. the 
otlien voqIiI bo more eeouomioiil ; for tlie iwalve^iaeh ehann«l> nqniiw Uat§m stay 
pltttM, lattioo barv, and re-euforciug plates, besides a wider top chord plate^ trtiioib 

would increase the wei^jhts of Iho cover plate^, chord piua, post latticiu;;, post stay 
pintttM, shoo plat«5(, etc., nnd even add a httlo to the lengthti of the floor beama. 
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CHAPTER XVn. 



BILLS OF MATBRIALS, AND ESTIMATE 01^ COST. 



in nwidngr out billii of inatorihhi, th« Kst of members given in Chapter III. Kill 

prove of great assistanct.'. T>v its u?<^ oiii' f;m iivoid an uinlet'o-itiruiite due to nu 
omiMion uf tiuy of the parU oi' lUo ritructm'O. A s;ood way lo make out a bill Ol' 
material is to prepare ui\ vertical columns, in the tirst of wliicli write the name of 
the member ;iu the secoml, the Jiumber of pieces; in the third aud fourth, the 
iUmeusious detecmiuiug their !>eciiuu ; iu the fifth, their leugtL ; oud iu the sixth, the 
weight of nil the pMoei, ort if of vood, the number of foe^ board measure, that tboy 
ooutain. 

1S» Mowing etamplo will serre to es^plain tiw mothod : -~ 

BILL OF WBOUOHT.IBOK. 
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It is to beuotie^d thai it is oiUax couveueijit as 'u\ the casu of the "Pialc " to 
oombiaa aovaral lengths into one. 

To the length of each churd luu-, uiuiii Jiaj^'oiuil, iiinl hip vurtit'iil i - t ^ be lulded 
three fett to allow for the weight of the heads; uud to that of each aajustuble rod 
iibout five iVct, for the heads, upaet ends, and sleeve uuls or turn buckles. Should 
groater accuracy be Mqnired for the weight of an a<|iaslable rod, it will be neeeeeaiy 
toarowriainwbatliMgUi Will be needed at each end fegttB»iie^ 
the opeal enda aadadjjistiBg-intte by fbe ipjlowiBg 

TAUiB OF EQrrVALENT LENGTHS OP T?ODH FOB UPSBX XKD^ 

NUTS, »LEEVB NUX8, AXD TUBN BUCKLBa 
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TheM «quival«iii kiigUM do uot iiielttd» tlio Imgkhs of the uptwl eud« theaiMl- 
vei: they reprMoni umply Uke extra lengtlie to be added to the bar to ef^oelne Ac 

weight of the uuIh, sleevo nuts, or tnm bttttklee, and the extra iron for enlacgiiig di* 
cuds, uhich are six or eight iucho^ long. 

It is not nccossary iu n prciiioinary estimaie to Hud Uie exact qoautiiic:) of 
uiaicriuls, so approximatious to actual dimensioiM can be made This will be fiUly 
illtisUrated in the next chapter. 

The foUowing table, taken irom Caniegie'a *' Pocket Compauiou," will be fooud 
neeCol In j^pariog InUa of iron» aa will also many of the tablea given in Chapter IL 



WEICIHT OP BIVET8, asd ROUND HBADBD BOLTS WITH01IT 



Lentftb frota under head. One cubic foot woixhing 4S0 Itw. 
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40-7 


56.4 


80.7 


114. 


'54. 


301. 


iM 


s6.i 


43.8 


;9-4 


84.8 


1 30. 


161. 


310. 


4 




■J7.5 


45-0 


6^.5 


89.0 


135. 


167. 


318. 


4* 


14.6 


38.9 


47-1 


65.6 


9J.3 


151, 


• 74. 


327. 


4* 


«5-4 


p.} 


49.2 


6X.6 


97.4 


1 j6. 


l2i. 


3i6. 


4f 


16.) 


{1.6 




71.7 


101. 


141. 


188. 


244. 


s 


161.9 


\\» 


Sl-S 


74-8 


106. 


147. 


'95. 


>$}. 


$^ 


17.7 


54-4 


35.6 


77.8 


no. 


15}. 


ao:. 


36 1. 


5} 


18.4 


35.7 


57-7 


80.9 


114. 


"58. 


109. 


370. 


5t 


19 J 


J7.I 


59-9 


84.0 


118. 


16?. 


3C6. 


378. 


.6 


20.0 


38.5 


61.0 


87.0 


133. 


169. 


33}. 


387. 


6i 


ai.5 


4f.5 


66.5 


9?-3 


IJI. 


180. 




}04. 


7 




4J.9 


70.5 


99-} 


IJ9. 


191. 


350. 


}3I. 


? 








106. 


147. 


103. 


364. 






16.1 


494 


7»JO 


113. 


IJ6. 


31}. 


378. 


}5S. 




37.6 


Sa.i 


8JJ 


]i8. 


164. 


33}. 


393. 


J73. 


% 


59.3 


54.8 


87.6 


114. 


m- 


«}4. 


}o6. 


}89. 




J0.7 


57.6 


91.8 






345. 


}'9- 


406. 


to 


J«.t 




96.1 


156. 


189. 


45*. 


}}}. 


4«|. - 


io| 


J 5.8 


6{.o 


lOI. 


143, 


198. 


367. 


J47. 


440. 


11 




65.7 


105. 


148. 


336. 


378. 


}6l. 


437. 


»«J 


?6,8 


68.5 


109. 


•55. 


3J4. 


389. 


}75- 






}8.4 


7».3 




i6t. 


23}. 


}0O. 


}88. 


491. 


Heads. 


1.8 


5-7 


10.9 


IJ.4 


37.3 




57.0 


83.0 
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Cefoiu cou^ideriug a bill of matt^ilal ns ^llI^llC^l, it vrcl! to luOi: it over to 
tiGQ that no mistake has been made in tlio mttuber of tho X)ieccs. It is uot an un> 
common error to put down only half the correct number. 

As soon 08 tlM 1>iU8 of iron and lumber tan made <m( and ebee1ced» tlie dead 
load per foot should bo ca]ealated, to aee if it agree wiUi the one aimnmed wXbSn <Iie 
limit gpecitif.l in Cliiiptor VI. 

Ebtimat4M t'l' cont ;-liould be liberal; ^ov, us a vxdc, the actual protits ou bridges 
fall short of tiit* ftuioimts estimated. Thev c«n be miule ^ ory readily by iising a 
blank similar to the £(dlowuig : 

BttimtHtM M»............».M«*«Briil^ wroM ......«, 



Ltngtk ifM«».4..M» V- Clear ItcMidiray,.*******"^*.^! 

fMoHe load per Uneal /[.,.. Iht. STmeiug Load per fiMMl 

Vo. o f Panel* ....»*«*«*>.(»>*.*m*m..>..m £ciVtA ^ PMWit ...«.«u........*..u^. 



Wronght-tron, V>t. 

C<ut-inn, lb*. 

jMmber, ft. , 

Pi^f, ft. . 
HauHng, 

Framing ... ... 

FtUuwork ... 



.... ® 



«*« Mfl 



■ *«» «||, «•« 

e** >»• »•* 

4«« «*■ M« *m* *«• M* 

««e «»a M« #ta 



M* ••■ ««• 



«e4 *M 

»• •«« MS 



PaiBttni/,.. 
BlaekemitMng 

Freight on tooti 



«e M« »*• ««• M« •«* *»• ««« 

#e* AM »•* Ma «M «*a mmm 

«*« »a Ma •«« M« aae »** 

««• •«• •«« M« •*» •■■ 



•w 



••• VH 



JW«l««o/fc»ictye ... ... ^ 

CiMl jpfr liiiMt foot,.. ... 



yen 



On fair country roads a day's •wort for one man may bo averaged nt 500 pn'i:v1s 
drawn 6 ri, that for a horse 1600 isounds drawn 5 ri and tliat for a bullock 8300 
pounds drawn 1 ri : this allows for the time lost in returning with the empty carta"^' 

Tlie designing of falsework will be treated in Chapter XXII. its cost will 
inelude Uiat of tbe pitoe in plaee, if any be required, and thaiof tlie lamber, to wludi 
•bonM be>added about two yen per thousand for framing and raii»iup, and a yen per 

thousand for taking down. Falsework timber can generiilly Le sold for &oinetliing 
wlicn the bridge is completed: so a rednotion may bo made iu its co»t when the 

estuiiato is to be a clo.se one. 
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The coat oi eiectiou can be iouiul approximately iox ordiuary couditious Irom 
tibe (bUowing table. D nrasl not bo fjorgottan fJiat theio is a gmt vwriation in ilie 
cost of onokiim; fbr it depends upon the locality, wMther* akillof labonn^ offidousy 

nf forcnir?!), etc. Those who feel iuchned to qnpstion the correctne^ of this table 
bhould make some allou-aiico for tho diiliculty which the antbor hu ejqpenenoed in 
getting any data whatsoever tipon the subject. 





Ten. 




Ten. 








60 


ISC 


1 




1010 






160' 






1100 


80* 


lie 


1 170' 


480 




1100 




I JO 








I)00 


las' 


1$0 




620 


1 aSc/ 


1410 


lit/ 


J70 




tfo 


390^ 


isao 


\vf 


400 


3tO' 


770 




i6jo 


XV* 


440 


1 HO* 


950 

















In the folio n lug Uble will be iouud approsimiitely what il ou<jht to cost to giro 
three good co its of paint to bridgee of the dififorent spani. 



• 


Tea. 








40 




JOO 


»</ 


70 




350 


IOC/ 


100 


340' 


410 




"5 






140' 


l6o 


aSo' 




1 60* 


aoo 




600 


j8(y 


^50 





The data, front vhiah due table vai made, VMft taken from iba aetnnl ooet of 
psintittg two ToUo bridgee. The eontvaetor'a fignrea were fiO eenper teabo 

(86 sqimre feet) for the first coat, the object of which is to prevent rust, 18 sen per 
tsubo, for the M l Olid coat, and %i sen per tsobo for the thirdor finiflhing eoat» mak< 
iog in all 60 tion per ti^ttbo. 

To the aaCbor'8 Ameriean ideas the figmes of cost given iu tho table seem esor* 
bitant. At the time when tiie Tokio bridgee referred to were painted kboor was 
more expensive than it is now, nnd kinsatnu were cheaper, so it is more than probable 
thnt, if ii! C>ent price'! were used, the figures in Uio table would 1<f mntfrially reduced. 
But HS both labour and kinsfttsu are always varying, this table will be as good as nuy 
Other; for by dividing by 66 the cost there given for any particular case and 
multiplying the quotient by the proper eharge per tsnbo will be found theT probable 
eost of painting for any number and quality of coats of paint. 

In tho follow iuf,' l.iLle the author has endeavoured to give what Iio considers 
ought to be the tot il nc tual cost for the sinf^lo trtvck bridges of this treatise. He hns 
assumed the cost of liui^hed wrought iron at the nearest railway station or seaport to 
be six sen per pound, that of eaet iron four sen per pound, lumber twelve yen per 
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tluMiMUMlt fataework (wo y«& p«r linsal fool of bridge, luraling oim yen per Umt 

emotion oud painting M per tables, blacktmilbiiig Hud coal fifteen sen per lineel 

foot f>f span, triiv(>lliti?f expense's tliirfy sen per lineal foot, on>^liiecrin«^ cxpcnsps 
from one to two yen per lineal foot, teanung during construction fifteen sen per 
liueol foot, oomiuou labourer's wages twenty five seu per day, and incidentals ten 
pereent. 

If there be two epuM ill (he bridge, the estiuiate<l cost of the two may be 

rtjtlnccrl hy Ovc per cent., if tlirro he tln co, the total cost mey be reduced by six. per 
cent, and, if there be more than three, by seven in r cent. 



SfMUI. 



60' 

lay 
lie/ 

1 jty 

IJC 

140' 



Ten. 



A.I 7^1 
4.950 

6,650 
7,440 

«,5«o 
10,110 

>!*)<» 



Bpoo. 



ISC' 

17c' 

190* 
^:c' 



Ten. 



1 4» j4-' 

16, ^90 

17. *'50 
19,850 
21,800 

26,ICO 

ttfito 



Span. 



14c' 

15 c' 
1 60' 
270' 
18C 



Tee. 



}l,CCO 

;M,o 
4Wto 



One paper yen hm been taken cqnal to nincfy.five cont« in Mexicnn or Jupanetfe 
silver, and one dollar or yen of the letter equal to ninety cout« guKl. iiie prices 
need for iron are Amerkan. The prioes in (be table are in paper ycu : tbey should 
alfraje be dianged to anil tlto varying vmlues of pftpw and silver nKm^ in oompari* 
viUigold as a standard. 



It tnnst nof hr forgotten that the eslinintcd costs in the tnhh aro ''or arerafte 
conditions, sncli a.i fairly good roiub and wcatlipr, absence of freshets, a bingle tier 
of trameil falsework on piles not exceeding twenty feet in length, a favonreble luea* 
tion at rile for ateting maCeriale, erecting tento Ae., no probabili^ of a learaty of 
labourers or of their being attacked by disease, worlcman to provide food and Hlielt«r 
for thcmsebresi no spedal tooJe reqnired, and no extraordinary lofls of toohi or 
timber. 

Dcforc un\king nu estimate ou a bridge, one should endeavour to oblaiu M 
many as poshible of the following. 

DATA FOB DESKmilG mON RAILROAD-BRIDGE SUPERSTRUaURES, 

AMD eSTIHATIMG THEIR COST. 
Length of span or epane. 

Dietance of bridge 8it« from iiearci^l railway-station or aeaport. 
Quality and condition of the roads between these pleess. 
Nature of bed of river, nnd velocity of stream. 
Height of lower chord above iMd of river. 

Gross soetioo of stream at eroeeaug, showhig borings, if any have been made. 
Angle wliieia (ha divsotioB of bridge makes iritb axes of piers or abntnwnfai. 
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Katun of tit» oonnliy llw nto. 

Any spccifti <lifficulty that may be autii-ipatod for tbe nuiag. 

Kiiul of falsework it wotiltl be iw^visHblc to U8C. 

Cost of piles At various places iu the ueigUborbood, if uiy be repaired. 

Cm* of traaqport of mum to nto. 

Cost of timbor per ibouuid for biaawoA. 

Trobable value of falsowork timber nfler bridig* is ibiulrad. 

Cost (if withilrawiiig piles, if necessary. 

Niuuli r of liueal feet of piles reqaired. 

dumber of feet oj Iwabor for fikMirorlt. 

Cost of KfikM, boltfl, and mUb for fAkework. 

Cost of driving piles. 

Cost of trniisportiug pile-driver to end from Mte. 
Common laborer's w^os. 
bkilled laborer's wages. 
Foreman's wages. 

Wages for team inid t( :unstcr. ^ - 

Cost of supcrintciiikiicc l)y engineer or eBginoerSi 
Number of ibiys' teaming,' uu work. 
Date wbcu bridge must bo Guislied. 

Probably kngth of time it 'will take to raise aitd oouplele bridge, 
dtanoes of fair or foul weather durhig thiii time. 

Chances of hiiviug falsework carried Away by a suddea rise or an ice-gorge. 

Cbances nf a scarcity of laborers. 

Chances of sickness omoug laborers. 

Expenses attendant m same. 

Cost of tents or otiier housing for laborersi if any. 

Cost of iron at mill or foundry. 

Cost of tran'^port of same to nearest railway-stuliou or seaport. 
Cost of lumber per thousaud at mill or market. 
Cost of transport of same to nearest railway- stAkiou or seapcnrt. 
Probable expenses for blaeksmitLing and coal. 

Cost of tools, if it be necessary to buy special oue«. 
Wear and tear of plant, and loss of tools. 
Loss of bolts and timber. 

Actual eost of raising stmibur straolures under simitar eircumal«ness. 
T^aTcUing expenses of employees to and from site. 
En^ueering expenses. 

Office expenses in preparing plans, etc. 
Advisublc allowouco for coutingeueiee. 
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CHAPTJiK XVIII. 



COMPLETE DESIGN I'OU A BRIDGE. 

L«t Uie bridge to be dflaigned be r tbrong>i bridge of ono »im\ for a sin^'lo straight 
track 'and let tlie leDgth of spnii bo 108 feet from centre to emti o df l u l clutrd pius. 

From Chapter VI. we find the live load to be 1160 poiuulH pur liuciil foot, 
Couaalting Table I. ve see that there should be eight paucbi, makiug the paucl length 
SI tet» tiiat tlM depth of troM thonld be S6 feet, and tlui tlie probable dead load 
may be assomed as 14S0 pounds per lineal foot.* 

In Chapter VII. we find tlic engine cxcens for one pnnel of om truss to be 10.7 
Ions. Clmptcr VI. gives tlio clear roadwiiv iibout 18.7 feet, auil by cousuUiug tlio 
diagrams on Plates XXVi. and XXVH. we bud liie pr<dmbIo width of cliord|>)altt to 
be 90 indue or 1.7 feet, makbg tbe iridtlt of bridge between eentval planeaor trnawa 
10^ feet. 

From Chapter TIL we find tUo wind pressures per lineal foot when the bridge is 
empty to be about 180 [<ounds for the upper lateral sy.-t.nn and my 810 pounds for 
the lower lateral system; also 240 -\- 2U0 = 44U pounds per luteal foot for the 
lower lateral ayetem and eny 1 20 ponudfi for the upper lateral lyetem when tlie 
bridge is loaded. - - ' 

From Chapter VIII. wo find tlie approximate valae of tr* to be 800 ivonuds, and 
that of 810 poundK. 

The tangent of the incUnation of a diagonal to tiie vertical in = 0.81. 

The oorrespon^ug eecaut (vide Table It) ie about 1.800, tuakiug Ibe length of 
tlie diagonal tS x 1.806 « 82.GS feet. 

Tlie tangent fev the lateral tyateme ie b IMt, 

Vtom tbe preeeding data we ean fill ont tlie fidlowing Ibt. 

ii»8 £e 0.7548 

/b21 fseotf» 0.9858 



•It vunlil li*v*i Wen better tn awtnrae Uie deml load to b« ItJj? ponuiU p«r linenl foot. The 
mnonfinrtiolbavbitdinie n Ja tbattUt dbapter wm wriltn btfmra TaUe I wm quite BnidiMl. 
ThcdifliNnieebeiiiglcM (hND lonriieroeiitiaof noimpeitaiMO. » 



(1 = 


2' 




9.R05 


h = 




i jr, see 1? = 


1.9 >:{ 


diug = 


32.G5 


W" tan (? = 


11.379 


w^O ^ 


1.300 




5.080 


tftu 9 » 


0.84 


£ = 
n 


1.3375 


tfui 6'=^ 






1.7468 


W = 


cccia 




i.i2nr» 


Jf',= 


7.'»«>8 


IK., tan 0' = 


1.1 (o 


W" « 


2..Mh> 


1 JK, inn d'= 


2.220 






jr, tun = 


o.ao2 


IF.- 


8.2.V> 


4 tan 


3.1.->I 




4.620 


fTttan ^ » 


2.7«4 




.'{.1.10 




1.8C7 




3.25.J 


ir„ tnn (? = 


:i.(ir»l 


«',= 






1.8:10 


;? = 


10.700 







The i)cxt stop is to (Iriiw the skolctou ditigram shown on i'lat« XIIl., nuiuber* 
tug t)u! pane] poinU Arom rifflii to leO, boginiiing witli i«ro »t and. M«t by m> 
ferriiig to Tiible HI «e fimi tii« strcMM am to Uie naifotm IJw IomI/ Um 4«ii load 
Ami tlie engiat exentsos on each moiuber of Ihe trtiM, mU tiiMB tog«lhcr mid Wfite 

the sniii in its proper place on the c1ii«<,'rara. 

Tims the Kh-fss in the teooiid panel of tJje top chord i.s 

74 )f " ton + ^ £ tantf =7i x 11.379+27 x 1.1235=115.077. 

TImi ill Uie «nd nuim diagonal b 

^ IF iiee ^ -}- 24 IFj sec 0 + ^ £ BM 9 

^= 21 X 0.9858 + 2 X 9.805 + 4.903 + H X 1.7468 « 84.430 
And that in tUe middle it 

|IF-4IF, + 4^r + JF' 
= 6 X 0.7548 - 3.754 + 5 x 1.3375 ^ 2.500 = 9.962. 

TIm n«xt step is to find llie wind etresMR on Ibe windward bottom ehocd wh«n 
tlie bridge is empty: tliey will bo inultiploH uf H'. mk^', and the coeffieientH are 

yiven in the Trthle V. There is no need to eutcr tlicso stresses on the diagraiu, but 
the>' ikhoald be written upon a tciupurury lUoftram, as iu the aoeompauyiug figure, 
followed b)r tlie btter C to denoto tlifti the Atrees ii eouqireenve. 













26.640 <• 




S8.B90C 


12.81S T 


12.81.1 T 




27.457 T 




13.827 C 


11.834 C 


8.0e8C 
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Thu the .stress in tlic Rccond pnnol is 

6 W^im 6' =6 it 4.440 ^ 86.640. 

Tho next stop is to fiod the reduced dead load stresoes iriieii tilt fcrUlft » MB* 
pfy : thoy will b<> multiples of Wt tanfft and the eoeAmentt ftt* fivan m Hit 
culamu for U', in Tuble III. 

niqr Me to Iw mittea oa &e Ruae di«griua nailer tiift other alreaet^ aad mm 
to be folloirad by T to denoto that tiwy ace tenub. Iline in the woaad paaal tha 
•tmBie 

3^ tan « 3 X a.661 + Ijm » 12.813. 

The iMii etop ft to snbtract the ralttea of T from tho ▼Aloes of 

C, in order to find Ihe piv rttf-* nrhial compresfnve titros«tes that enn cvor eome npon 
the ehocd. The Urgeet of Uio.sc dititfrences is 1»S21, aud it is well to prnporlion 
the vhdb bottom ohocd to muBt Uiis compression, so as to gimpii<]y the drawiugM 
aad «hop work. Then iriU be boi little mete ia ao doiag, for the aiffenat poaet 
leagihs of tho Btrnt will haTO to aet ns teueioa mombam, and their effective area* 
ftro to be sabtrAcid fiom the total aeotiOBe re^viredt iriiea ftndiag the neeeiMiy 
areas for the chord bais. 

The aextatep is to JInfl the iriaaatreeaee in the leeward bottom ehord whea the 
la eovand hj the iiaia: thej will be mnltlplea of IF, Umd*, and ihe ooeflM* 
ente are given in Tabic Y. 

Thoa in the thud panel the aims ia 

6 W.iAn 0'= 6 X 6.802 - 87.812. 

Tlic stresses thus determined are to be written <m fho f l ili a l| ll l jja flf t ll bllUflith 
the live and dead lortd stros;iP«^ already found. 

Tlie next uiep to tiud tiio atreases in the keT^arii bottom ohorU dae to the 
tnaatefaa lead, wlMitlM bridge ia eeivered by thelMfai: they mil ba anMflea of 
IFi tm&, and the oocAaiaate are given in TaUa ID. awkr tha haidiag If i* 

Hum in Ihe thiii panel tha atreaa ia 

6 ir«fni 0 » 6 X 3.784 » 16.401. 

The ainaaaa Ikaa datarannad aia to be wxitlaa aadar thaao kMt Jhand, Mul Aa two 
or thm rt r a aa ac lor aaah tower ahotdpaadatataba added tegatlMr,thtaiBih<ia> 

plaeed bpn*>atli. 

The ue&t 8t«p it» to hud the seetiooB required for the tension momben. 

The Hte and dead laad atreaaea «f tha bottoaa cMi are to be dhrided by five, 
and the aombtoed atreaeea by aeyen and a Iwlf, and the graalar laaaH tabaa. % 
hia|ieolh»6 the diagram it will be seen that the combined stresses determine the see* 
tions in every case bnt that of tlie end panels. Tiic intensities for the main dtfi* 
gonals are 5, 4| and 4^ tons, which divided into the proper stresses give the 
aaetioaa raqaiRad aa MMfbad on tha diagxan. 

To proporlian theaonntera we mtak first daeida whatliar tiiay aialo ba aiag^ 
srdodhlaitiMnaoMallTlaUaTL VithalnBBdlalnitaxatiiabatlaM^Kdb.atoala 
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oomitan an pttimMe, ftlttong^ Hkey nwonritato mtiMr large pin* for Um vp^n 
thoti, tiookiDg down the eolnmii for square Motiona headeA " iDtensiiy of Work* 

ing Stress = 4 iOiiB*^ in the table vro come to a stress of 9.8!, tlie next greater value 
to 9.746, and fonowing ont tlio horizontal line oontaiiuiig tlus staresa ire see that » 
lU" square bar will bo recjuireU. 

Although theory does not call for one, we will put a single 1" round counter in 
the thhrd panel, to aid in adjusting the }»nSiga and to assist in taking up shoek. 
By xeibRtng to Table VII. we see that two IV' X V* tmra will be xeqnived for the 
UpTtttieals. 

Next let 08 proportion the bottom chord strut. The greatest stress was found 
to be 18.827 tons. It will be necessary to nse six inch oliannels, for the webs of 
smaller ones would be too mucli cat up by piu holes. 

The endis of each panel leugtU of strut may be considered fixed, aud the number 

of diameters is * — ^ — = 42. Consulting Tabie YIII. we fiuil fur tbeho data a 

workiug intensity of 2.422 tons, which divided into 18. 827 ,!,'ivc3 6.7 square iuchcK, 
eorrespondiug to two 6" — 9.5' channels. As tliia membtu- acta as a strut only tor 
wind stresses, it might appear hotter to emptoy Table IX., bat beeanse it aeto also 
and generally as a tension member, it is better to employ m small intensity of work- 
ing comprcsblvc stress ; besides, as said before, auy extra material pat in the veba 
of the chaunek is not waited, for it will assist in resisting tension. 

Referring to Table XYI. w6 beu that the tluckue;;^ of web of a C" — 9.6* Union 
Iron Hills* duumd is 0.8 bub. If we ose rivets for attaehing the eonneeUju; 
phitesat the joints, the area lost from each channel will be 2 x 0.8 x = 0.41 
aud from the two channels 0.820" leaving 2 x 0.3 x 0 — 0.82 = 2.78 say 2.8n'' 
as the effective area of tbo webs, which area must bo sabtraoted from S. B. iu pro- 
portioning the bottom chord bars. 

By refecrtng to Oarnegie*s seotkns of fiat bars in Obaptar IL we ean prepovp 
tion the main diagonals and chord bars as marked oa the diagram. Hie pro- 
portion of wiJlli to tlcpth of chord bars should be noticed : it luiide as nearly in 
accoidiuice with tho theory of Clmpter XIII. «s circumstj>uces will premit. For 
appearance the widths of tlio main diagonals decrease towards tlie middle of the span. 

Kelt left us proportiua the top ehord. From Plates XXVI. and XXVII. we 
find tint 12^' ehanneis moat be emptoyed, wlnoh makea the ratio of length to leoai 
diameter equal to 21. 

lleforring to Table VUI. we find the intensity of working stress for two fixed 
ends to be 8.648 tons, which divided into each of the stresses gives the sections re- 
quired as marked on the diagram. 

The width of top pkto was asaamod as 910'' (we win ebeek it presently to see if 
it be sufficient), and its thickness should he f (vide Chapter Yl.), making the area 
i'' X 20" = 7.5 □". Hubtraetiug this from each of the sections required and 
multiplying each remainder by ten sixths will give the weight of one channel bar for 
eaoh panel as marked on tlie diagram. 

.Hext let OS proportion the batter braoes, for whieh the ratio, of taagttt to loiMt 
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diMMler is Kbil die oomspoikdtQg iatonnly turn T^Ua VIH for t%o fiud 
finds is a.889 tons. I>i?l]iiig lliia into 8r.68S gmt sqium infibw M the 

•soilon required. 

Subtracting froiu this 7.^ sqnnre inchr s niitl inultiplyiug the reuiAtader by tea 
nixths gives 86.S2 poouds a» Uio weiglit per foot of oacli dmuud. 
Next lei vs proportion the poets. 

Assuming 12'' clianncls for tlia end ones, mukes the ratio of length to leeet 
diameter 2/5, for whicli Tal>lc Vlll. gives for two hinged enils an intcuHity of 2.71 tons. 
This divided into 87.122 giveti 18;? as the sectional area of the two channels. 
Hnltiplyiug by tcu and dividing by six gives 22.88 pounds per foot as the weight 
«f eeeb duumeL ConenMag Oemsgie'e eliuinel seetjeiis in Chiq^er 11., we find Uial 
tUs seotian ie obteinaUe. 

Arenmiug ten iuoli cbannrls for the next post makes tlio ratio 30, flic intensity 
2.882 and tho Kcction required 9.98 O", eorresponding to two lG.55ponml chaniifls. 
It will be necessary, however, to use 17.5 pound channels, for the Union Iron Mills 
no nothing between this end IC poond ehnnnela. Let ns ssstnne sis inok eheuaels 
for the middle post, making the ratio 60, the intensity 1.256 and the seetion required 
7.98 corrcflpondiiig to two 13.2*2 ponnd channels. Tliis is not nn economical 
section, so let us try sovon inch channels, making the ratio 42.8tJ, tha intcn.-iily 1.665 
and the section required 6.87 corresponding to two 10.02 pound ohauaels, vhioh 
wefinilroni Gbepter IL are obtainftUe. 

It is now tune to jkiek to the diord peddng end see that the tssamed width of 
top chord plate is sufficient, yet not too great. Beferring to Table VII. wc find that 
the she of the beam hangers is I A" square. From Table XVI. we find the width of 
flange for a 12" — i5.* ehauuel is about 8.1" doubling which and subtracting tho 
prodnet from M" lemrse 18.8^'' The nrea itf the top ehord inner ooqneeting phite 
should 1)0 a little more then half the area of one ehanuel say 7 which divided by 
12 gives about 0.6 say or 0.68" as the necessary thickness. Subtracting twica 
this from 18.8 ;iiid allowing n clearance of j" for tiie t>ost inside the ciiord will Icava 
12.42'' as the distauoe betwe«u inner faces of post cliauucly. Allowing i" for the 
fluehness of the jaw plate at the ibot of tiie post wiQ leave 11.4S*asthe ^ear paoidng 
space. Into this must go fovr main diagonals each 1'' thick, two Lcom hiogers and 
the chord strut. The sum of the thicknc.s.scs of tlic diagonals and beam hangers is 
6.68" to'which addijir' for cloarunco and .subtracting the nuni from 11.42 loaves 
4.29'' for tho strut. As tiic latter bhould bo about square, and as the connecting 
pklee on the onlilde sfaonld be half «n inoh thiek, 0ia spaee lequired by tiie stml 
win be 7"» showing eleatly that this amngenwnt yrSl not saii 

There is no reason why we should not pack the main diagonals outside of the 
middle post, therefore ttc will do so, and obtain 4" morp room. At tho foot of the 
next post there is just room enough, for two main diagonals go inside and two out- 
side of the post, and the eonnter- passiBS between the ehord stmt disiinete. The 
iame remarks apply to the feet of the end'posts, and as there is abundant room at 
the upper peasl points and at the aboe> we see that the aasmned width of ao" is just 
right. .... ... 



« 
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Tim OMDphtM tilt proportioning of Clw lB«in BMnlMfS of tht i 
TIm MM! taoA vdgfaU et tlie teMk MagM ttuil floor bMmi ira will taho 

rliiLclh- from Tables XI. an l XH., for the mtttiodof ptoportioning IhiM BBonlMni 
WW fiulKciently exemplified in C)bfti>tor XTT. 

Wc can either iuterpokte the sizes o; ibe lateral, portal and lutflrmeiUate strots, 
•adof iJw ktonil raiT Tibntion xods fMm TnUo XQI. m ditomiae thntt nwro 
ouotiy 1»7 MkniMmn. For 11m piupoM of tmpliioilion wo wIU «Ja0 
notiiod. 

IM OS begin with (ho upper kkteral sjnteiu. The panel wind load U 



180 X 2l> 



1.80 ion^ 



and th< ii olination of the rods to the ttrute is iibout ofMll to tlM MO friiOM teogeni 
is the panel length divided hj tboolewr roodwaj or 

tea-' j|^»tm*"l^or(fUe1MilBlL)5m'. 

The oorreBpoudiug MOint ia about 1.88 aitluig Am length of Iho iSa^uul 

la? X 1.83 r- 25 feel. 

The lollowiug is, Uiereforo, table of date 

,11 =8 
?P » 1.89 

^ s 0.2368 

and — sec = 0. i^J24 

Using the fomiDi* at ttw bogimiiag of Camptir IX. or omplojiiig TiUo T., wooin 

calculate the stresses in the lotenl flruti snd rode and leeoid them •« in the ae- 

eompan,ying dia^am. 




Vktt the bwer ktetal qretem ire havo the mofvuic paaol wind load oqnal to 
M xsi _ M toof. and the iMioMiMl wind load » M UOtoia. 

it wm aot diier eiiaMtially from Oal foaadAw tha vpgn htani 



sybtcm. We can therefore fill out tha Mieviaf t«Ui of data, tbo 
rMpQttding with that of ChaptorlXi 
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» =8 
W = 2.52 
Wi= 2.10 

- = 0.813 
» 

ir,8ec d = 3.813 

Using the funniiltp of Cliapter IX. or employiiij; Tablo V. we can calculuto tho 
siresseg on tlie lower latenil rods niid nl! tlio Inwcr Intcrnl ntrnU cxOP^tt lUose helwecn 
tiic podcittilti, luul euler tlicm upon t le following liiagram 




•ad 6 of Oiapter DL., anti adopt tlw greater of (he two iitreaseB tLiw foand. 
For Eq. ff, mlMve 

810x21 



= ft 9 



3.2>j touF, 



G -11!!? ^0.715 t>i, • 



3£UUU 



= 0.1 •"» ton. 



(i. = //•• = - 
1 * J 

&a)«sti(ntii.g gives 

0. « X 8 255 + i. X 1.80— 713-O.WO 1 1 15(5 t«»ii». 
Fur Kq. C we I.ave 

|y » = - 7.—.: . — I -2 » ton?. 



aiul = ir, — 



810 



= 0.i05 toil 
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Cj=i H X 4.02 + I X 1.20 -^(1.29 — 0.31) = 9.24 tons, 

blowing tliiit \\\m\ llio bridge is empty the stress ou tlto eud lower lateral slnil is 
greater thuii when the spun is covered by tljo moving loud. The reutler must riot 
coiicht Ic that sacli is t!i*» p is*' for all Bpnns, it is probablo tlint the reverse would 
bo trtio fui' H|)auii exceeding two buudi'ed iind tiiirty or two liuiidred aud forty feet. 

Noxt let 09 Assetiun tlie fltre««B in tlio Terlienl ftwiiy bntiing. 

Using tti« iiotfttiou of Ch«L*tei' IX. we omn obtain the folloiritig dmta 

= i X 2.-. X 1 X 5U X -J,., = 0.:113 ton 

r = — LI — 0,0 ir» - 0.150 = 0.78fl toll 

b » 15.4 

The stress iu the vibration rcl is tbei eroro 

0 ^ 2x25 (0.78t>-f 0.8ia) — 2x0.318x10 ^ j 

15.4 

- 5.824 

The Btrew in tlie intennediate Btrnt b 

C = ^ (0.78i) + 0,313) - u.;ii;i = 2. U2 tons. 

For tlie portal brneing 

4 X 82.6 X 1 X 50 X 0.408 ton 

i* = 34 X i2^_ll = 3.308 - 0.204 = 3.104 tons 

00x21 ^ g g 
• 20UU • 

5 15.4 
d = 82.6 

/ = !3 

The Btreis in one pair of TibnUton rods is Uiercibre 

„, _ fl X 88.6 (8.104 + 0.^08) — g x 0.40B x 1 8 , 

* It 1« cfldmt that tbb matbod ot oUainieg mv apprasiaate. 
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8.a99 touB 

MmI Ibfti in the upper poi-tal itnit » 

C ^ C + r - J\ — 8.399 + 3.104 — 0.04o -= 10.558 tons. 

The porinl 8trcsiie» have Wen entered on tlie ihagrniu for tlic uppci- lateral 
syitmi. Next b; referring to Tnble VI. aud using the coluuux fur rouud seetiona 
liMMlod '* Itttoatity of Working Stran 7.6 loni," we eaa proportioii aU IIm Utmd 
aud the portal vibration rodH ns marked on the iliii^'nims, oho tlie intomiodiata 
vibration rods, which wtt find will have to be 1^'' tlimui tci . 

To proi>orti()ii tlie intermediate stmt we uiu»t mid to the stress lound tho 
lioriioiital component of the initial tension iu one vibration rod, which Table VL 
diowa to bo l.Sff tons. 

The ebeiiie of the inclination to the horiBOnta] ie b OSi, making the hori« 
zontal component t .25 x 0.84 ^ IStlt tons end tbe toUd sttess on the tntennediate 
strut 2.442 -f 1.050 8.402 tons. 

Ck>D6ulting Table X. we aee that a -l" i-beaiu li' lung will have uuihcient 
ainngtli, bvt it will be well to use a 6"— 11 pound beam, ae a ^^'beain allows Yery 
Ktda room for tbe eonuecting plates to fit between the flanges. 

Next let ns proportion the poi Ul and lateral strata. Before dohif^ so wo mtist 
aM tofPfich stress already found, the longitudinal components of the initial tensions 
in ail the rods meeting at ouo end of the strnt. 

For cfumpla lei ns take the seoood tower hiteral strat on whieh Ae caleolated 
sliess is 11.175 tone. The conn* of the angle whieh the rods make with stmt is 
:pi — 0.546. Tabic VI. gives the initial tensions on a 24" sqnare and a 2i'»" round 
rod rrsp(>ctively as 4.128 aud 8.126 tons, tlio HUin of which inulliplifd by 0.046 is 
8.960 tons, which added to 14.175 makes 18.185 tons lor the total stress. The 
length of the strnt msj be token as 18.7 feet, and the depth of the chauneb may be 
assmnsd as S hudies, even though brger ones might be more eeonoraieal, for it is 
eridont from Plate III. that the width of the strut should be kept as small as prac« 
tieable. These dimrnsioTT? runkr fhr ratio of length to least diameter about 88, for 
which with one fixed aud one Liuged end, Tiiblo IX. gives 8.445 as the intensity of 
working stress. Dividing this into 18.185 gives 5.27 square inches as the seetion 
required» serrssponding to two 8*78 ponnd diaansls. ConsoltingOaiiiegio'saeelioiis 
in Ohaplsr II., we find that no sneh ehaanel is rolled, so it will be nsosssary to am 
flay 0 poaod channels. 

The sections of all the other iatenil and the porbil Klruts are found in a ; iimlar 
manner, aud are written both on the diagram of this c'inpter aud on the principal 
diagr»m (Plata XIIL), as an also ths ssetionsof the portal and ktexmt rods. The 
ssotions of the intermediate sirnts and vibration rods are marked on the ptinoipn- 
duignuB ugoa tiw «nd vertical post* 



e 19.285 
The stress in the k)wer iKirtel etrat is 

C m (d.l04 + 0^) - 0.408 
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CmupHi'iug tho iM»olinuH of die metnlien given iu Tuble XIII. viUi Uioee foUHl 
in tbU ehnpter we Uo not iu M easies find mi etaet Mgreemeut. Thie is bemaM tlia 

tdble w.is IU i>lt> be'ore ttie exact wiud preitttures p«r UuchI loot won (letermiued, 
ncrc<rflii'li->s with nno f!Cff-i>tin;] t!io nvTOfTuciit is sufficiently close. Tlie cxceiitioii 
i't iu ttiu si/.cH of tlio u|iper lateral ru b, which the tiblii givu> an grcatur thau titoee 
runu<l in this vliai>tur. Th\§ wiw doue advi«odly in prepniring tke Uble, in order to 
insure suffieieut liUend Htiffuens to tlie bridgen mtJL lhn» prevent undue vibr«tlon 
under pussing kwuls. It is only for Rjkiua under MO feet that tbu uHownnee is 
lieeessnry. 

It in now a coiivonieiit time to test tho hIzc of the middle post to we if it be 
stroug enough tu rvuisl tho bending iind trauxferroil loiid stressen doe to n wiud pres- 
sure of thirty pounds per mimuitt foot, in nddition to the live and <Ieid loud atccises. 

Chsptor IX. gives the stress proituced by bending as 

Here and / ' have values equul to |^ of those used when eakalating the 

stt-e8!>C8 in tlio vciiical sway bnicing, while the vtilucK of 1/ and / are the 8arae ftS be- 
fore. Tho valae of i» is nearly i.l I'eet. Tlie following is then the table of data 

d ^ U 

/ » la 
fft = 1.1 

Theieroie C — a x 1 1 ^ ("c^i'y)* 

Using 111) intensKy of f'lv. tons makes the section required for one oliaiinol, to 
rosi.->t bfU'ling. 1.00 M|Uiir« nu'li. 

Tlic him^)lc!>t way to find the value of the li-aiibforretl panel load T is to multiply 
the panel length by tlie wuid pressure per lineal foot* mnltipty the prodnet by tho 
depth of tiuss ilihI divide by the perpeudieular distanoe between oeutresof tnuses, 
redneing the result to tons. 

Thns r = f.f ^ = about 2 tons. 

I'sing UiP intensity for wliicb the post was proportioned vi;'. 1 5*15 tons, and 
romcmbcnng that 1' must be equally divided between the two chamiclij, we find the 
additional areajof eaeh channel, necessary to resist the stress considered, to be 0.64 
square inobes. making tlie total area of one ebannelt needed to resiat the eAol 
of wind pressure. l.OU f O.Ul = 1.G4 square inches. This is eligbtly greatnr Umhi 
one hflh" the aron of one chmnn ], or 1.551 s<|naic iiiclroB, fts previously determined« 
but the <iitIc r(.iK't' is so small that we will cuuctiule tiiat the post is strong euoagh. 

Next let na proportion the pius, beginning with the middle one of the bottom 
diord. 

The valueofriuthelorainhiirs ^ of Gbapter XIII. is mock eaaUy oblaindi 
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by mu]ti|il^'iu^' Uie sectioual urea of tin: havs by tlic iutcQHity ol* working stress, so 
tint r a S1.96 K 6 a 109.S say 110 tons, therefore 

^ 110x 18 . . „ . , . 

GunsaUipg Table XIV. we see VxM n 4'' pin will bo required. We will nw 
•isce for the pins at the next piiuol points. 

For tiie pill at the firat pAuul poiut wc luay take T — U.7(> x 6 48.8 say €i 
(ons, aaking ibe borizontal moment 

w M — inch tous. 

IS X o 

To uiiccrlain the s Ana of 1', Talle VI : gtvoM A = 4.74, and I w equal to 4 tont, 
B 1.26" and = lA ' - thtrefuje 

^^jlxHi(L25^t.'.«»). . 12.1 inehtons. 
CoiweqiMntly 

3i - l/^ll».8/+tia.l)^ =- ia.l iueb tons 

florrespoudiog to a diameter of 8". 

It lufty be well to incrcnf<c this U> rt|" so aa (o correspoml with the iliometer of 
the shoe piu, which we must assume of thid diiuenuiou, bo a« to allow for the an- 
etrtain ptdl on eaeli ohanoel of tlw etmt acting wHIi a lever am of tliree indiea. 

Of ootine tUera will be an iutermetUato bearing need for lliie jm. We eaa in. 
terpolate the uize of the otlior bottom chor<] pins ai &|" diameter. 

Now let UH pass to the hip pin. The beairiug muat be at least eqoal to tbat 
given by tlie equutiou 

the value of t being obtaiucil from Table XYI. 

Adopting this vahie will lunke iho lever arm I for tljo iliAgoiinl -troHs 
-t~ 0.8) <= 1.2" and that for the hip verUcaUtreiMi i (1.6 + 0.8-i2.2a 

8»y 

The atreee (S) in oaa diagonal ia approumately V * ^o*'"* tluiiin a 

Up Tertleal.liiiili - 9.5 tons. 

making the iiiclincil ujomciit, 1(3 x 1.2 = 19.2 inch tous, 
and tlie verliciil moment, 9.5 x j 21.1 jucli ioiia. 

Laying theiae uH tu t^ale we find the resultant muuieut to he about -i-k.o itioh 
tens, eorreqionding nearly to a pin, Uio autalkir diaoMtav baing eihoMiD« baoavae 
this method gives an aoaas of aU«ngtL 

The beuring may now be checked by finding by scale the resultant of twice 16 
and 9.5 upon the diagonal and iup vertieal respaetiTely. It proves to be about 40 
tons. . 

Odnanltbg Table XT. we And that for this strass and a pin 8}" dianitlMri % 
Utmog of li" be repaired, abowing tliai tbe aasomad lever amiB are ample. 
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K«Kt Irt Hi oaleolAte (lieMseofth«pin»itlMlopo£tlM«id vwtical port. 
The chord beuinig ia given hy tha •qitttion 

snd Um post iMiiring by tha eqiutiou 

Thaw qaantities make die lerer anna 

( » i ( U + ii } " H" a&j 1 " to aUow for pby. 
and I'a 4 (Si- + H) -f lis " aaj lo allow for play. 

We must again snpposo the outer bars with Uieir elrfctBcs not to exist, therefore | 

the vertical aiul liori/.oiital coiupouenUf of =■ 11.3 tons, detoruuHeii graphically | 

to be respectively 6.G and 7.3 tous, are tlie stresses to be couiudered as prodnciog t 

tha banding. ' 

Tha vertical and Uorisonlal eomponant momenta are tharofbire raapeatiTefy | 

F s 8.0 X 1 » 8.0 ineb Ions | 
and H » 74) X SI B 19.S ineh tone, 
ijaHitg tha ragoIlMii monient 

M = v'(19.S)> + (6.6)^ B SI indi tons. 

eorresponding to a diameter of d^". 

A» tfuta iM but two liagonak in the nnl panel, (ha ilwM on cm nill be 114 
tone; and m tiie lafw «mw an bnt dightly grantev in diis ease than in tiba laal* 
m ean obtain tha naoltani moment approaimataly bj malliplTing tha fnoadjag 
valna 1^ or making tha vaqnired vnlna S6.8 oc ai^ S9 inch tons to allow for 
the slight inrrfnse in Uic Icvor arms. TIiIh corresponds to a 34" pint Mrbich dimrr 
sion will not only br adopted for Uiifl panel point, bat for GODvenienoe olso at the 
end of the outer vertical post. 

Tha aama diameter maj bo adopted inr tlia middle pin, or ite proper sixe may 
be delemnned in a afanilar manner. 

The total stress on the connter ia 0.716 tone ploa the initial toniibn of S.801 
tons, as f^ivcn in Table YI., or 13.080 tons. 

The half of this stress, 6.5 tons, passes to each side of the post and to each side 
of the ehofd, or mndd'do ao if a double aye ware need on one eovnler. Tlw varlieat 
and boriaontal eompooenta of this atreaa determined approii matol y tjf aoaie are $ 
tons and i.t tons. The corresponding lever anus may be roil|^j taken aS ff idflhea 
and six indies respeotiTely,making the eomponeni momenta 

V = 5 X 5 = 25 inch tons 
and a X iJi^ 26.2 ineh tons 
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The mnltattt nonubt is aboni 

31 Vr<, 80^ inoh tODS 

MtMipoiiiliiig to a Sf' pia. As tiie liorisoiital oompousute of the initttl tsnwms 
nsgf b« McMi M balaaciDg eaob other, tht Miealated value of H is too high, so we 
may condnde tliaf a 8}" pin will bo stion" eHoii<,'h. Hal the counter stress been 
moob burger, it voal<l bavo boon necessary to use double oonutera olose together ai 
tteir bel sad iqpreeA sport ol tlwir uppai- eiida, so as to rdhus Am rise of lbs middle 
top ohord pin, beeawe it ie bad praotiee to let tiie single eoanters puU eeeenlrieallj 
npoii the piu. 

Tlic portftl pins mny be propnrlioncfl l»y nsftnniing the lover ana of the etrces 
oil a portal ro»l to be 1*", uiul tiio sUcsd (vulo Tjible VL) 10.208 + l.biS = I2.l7d 
lonub mnbing tlio monioul approximately ^ x 12.17 s 18.7 uieti tons, owieepond* 
jng to a 21" pin, for tbe oolaniu I'or lateral pins ia to be ased in this ease. 

The stress at each bcaiing of tiie vibration ro<l emwection to the upper lateral 
struts \s (vide Tnblc VI.) { (dWr, - 1.'250) = 3.73 tons; and the lever nrtn may 
be assumed as 2f' , makiug the moueut 2i H S.78 = 8.89 incb tons, correspond* 
iug to a 2" pin. 

Tbe diameter of the bolt for omineeting Uw vibratioit rod to tiio intermediate 
stmt may be oalculated ; but, if it be assumed to be 1 it will bavo abundant 
BtrcngUi. proviiL 1 that tbe round icon of tiie eye lie properly flattened so as to 
redaoe tbe bcuding uioment« 

Vertical pua will be required for tbe lateral rod sonneotions «t tin of tbe 
three lower lateral stmts neatest eaoh end of the span. As the lateral <ods aw 
amgle, they must be attached to tbe middle of tlio pius. To rednee tbe beinling 
moment the centres of hearings nin t 1.r> brought as closely together as possible. Tbe 
least possible tlislance ia Kix inclies, making the bending moment 8P, where 2P u 
tbe greatest working stress on the rod. The several values of SP as fonndfrom TaUo 
VL an 88 J07j28.068 and 14^1 tons, making tbe eonespoodhig nflmenU 80^ 
87.56 and n.87 uidh fens and tiie corresponding diameters 8)", 8i" and 2)". 

We ate now realty to proceed w ith the *• Biil of Iron," in making wWeh, dose 
approximations of Icngtiis are p.l!r>ivable. 

Let as prepare the blank iorrn recommended iu Chapter XVII., then tnm to 
flwHsl of members given in Ofaapter III., and BU out the form, proportioning aewe 
foanydelaHs whoso sises have not been previously determmed. Tbe filling-out 
of the part dcnominiitetl " M&in Portionn " is a very simple matter, and needs bat 
little explanation. It is to 1)0 noticed that the leugllis of the cliord bars and main 
diagonals have been increased by three feet to allow for the weights of the heade, 
and these of aU aiUnstoble rods by five feet to allow for tlie weight of the eyes, 
upset ends, and ai^ttsting-nnts. 

The grouping of member<4 having some similar dimensions is to he observed. 
It involves considerable economy of Inhar if one h isi to e^tiin iti' on many bridges. 
In filling out the last vertical column, the tables of wbight:> uf Ilut, ronnd and sqaare 
iniiiMar the sad of Chapter D. will be found of great assistanee. 
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hHk w wnploy latticing for lib* top «1k«(I»> bfttttt Inn^, potto, and poitiil 
irtnita, ftnd iiiig1«>rivBted iMing fbr the upper latoral atratSt ind botton cliord itr«tt. 

Reforring to Tables XXtt. aud XXTIT., wo find the size of stay plates for the 
top chortls iiutl batter braces to bo f x , d being a little prentcr tlian D ; that for 
iLe middle posts i'' x 7i", being nearly equal to 2 £>; that for the next larger 
poBto A" X 8i^ i{ iMinglMs than 14 D but grootov thiaLfiS X>; iliAtfor Ow iBxg^ 
pORtol" X sr. being * littto giwktor ttiui D; tlialiMr fhtt itpp«r ktoffAl'strate 
1" X 7i". being ft Utile greater than 1.5 D ; tliat for the 4" channel lower lalt i al 
stmts i" X 7", d being a little less than J.5 D ; Ihtit for tho 5" channel lower lateral 
Btruts i" X 8i", d being a little less than 1.25 JJ, tiiai for Uie portal strutu i" x 5i", 
d bfling ft Utik kafl tbfta 1.80 D; ftndtbfttibr til* bottom obord stnits i'^x V,4hi&t$ 
eqnal to D. 

To fiucl the tliiekness of tho connecting or reinforcing plates at the hip we mnnt 
divide the area of the section of the fir«t panel length of top obord by twice the anm 
of the depths of the outer and inner [ikteB, i. o. 

To flod tibo knfth of eoefa pkte beyond tiiooeoke of tbe pinbole, kk n« fteenme 
as an ^npronnnlion that tba tobd streae on tho diord ii eqoally divided bofcwoea 

the four plates, making that on each one about 23 tons. The lever arm for this stress 
is i(t -f O - making the moraeut iV x 28 ^ 12.94 inch tons. Let us nse 
4" rivets, the working i)cuding moment for one o* wlucli (vide Table XVlil.) is 
0AM moh tOD« irfaioh divided into 18.91 gives 87 fts ttie number of riveto required to 
resist bending. The total prcKsnre on the beftringD in about 49,S tone, and ae the 
web fvide Tiililc XVI.) is nr-.ii!y ' " V-.k-li tli-i working bearing prevsnro for one rivet 
is (vide Table XVIII.) 2.G25, making the number of rivets required for bcoiiug 

•bowing that for tbe eonueotiug platee of tbe top chords the riveta need be propor- 
tioned for bending only. By making ft roogh sketob of the eooneetion it is readily 

upen that we may use four Iiorizonta! rows of rivets two inches apart, aiul n pilch rf 
8" witiiont bringing the centres of rivet holes more closely together than good prac- 
tiee ^lows. This arrangement will bring the end of the plate about 28" from the 

aentroof tbepinbole. We eoald make a eimihr ealenlatinn for the phttea athwinl 

to the batter braee, but we cm sec tliat the same number of livela iriU inlllee, §ag 
although the stress cruricd hy eacli plito is less, the lover nrm is «»r<«ntcr on account 
of tbe greater thickness of the channel web. In order to allow for the bolt hole of 
tiie portal stmt oonneotiou ire mast add two or three inches to the length of the plate, 
•oif ifeeay that tbe total length of pktomeomiredahnig the eaiira linee of eboid 
and batter brace is 5', we will be pretty near the mark. 

To find the thickness of the connecting phites ut the rii>t joint in tlie top chord 
we must divide the area of one channel of tlie third p un 1 by the Hum of the widths 
of an famer aodaB oaler p]ato. It will therefwo bo = 0.0 : if» however, we 
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nalM tbe innor plato |" thiek tad (Iw crater cue ilS)", ilM total mm of Motion will U 

just right Riid the plates of procui ftWo sizes. Although one plate has a considerably 
greater aie:i tliau tlic othei-, we mnst still consider that one half the stress on the 
cliauuel is carried by ^Mih j^te, for soch is the probable divisioo. It is impossibio 
to detemiBO iiio oshmI niwlbod ol dmuon, bat thii ooo will oftiuo no imdiio atnas 
•Q oitlwr plate, Immmiiw <iia Mdial mtoneity of working stress for tho plates taaj In 
least one fonrth greater than that for tho strut itself. 

The stress on each plat^ on the side of tho joint nearest tho midJIc of the span 
is, therefore, about 6.a x 8.513 — 22.8 ton», which uultiphed ly i ii -\- i) giv(» 
1S.88 ia^ tons to tin bsnding moment upon tlio rivtls. DMdbg Hiia by O.iHi tho 
working bnding moment for a J" rivet, gives 82 as the number of riveto reqniied 
on the centre side of Uic joint. 

To find the number rcqniicil fur tlic othor side, we ascertain tlie stress by 
mulUplyuig ^ by 8.648, making lti.6 tons, multiplying this by ^ (| -f- h) osid 
iKviding the pradnct by 0.494, which gives 10. 

By anUng » skotdi of the eimneoiion and using the same arnuagemeat for the 
rivete as at Hig hip, a plate about four feet long will bo required. 

A similar calculation for tbe next joint shows tliut the inner plate should be i", 
•ad the outer one ti" tliick and that the length Hhould bo about 6'. Tho thicknesses 
ef Ibe plates for the middle joint will be tho samu as those last determined, but tho 
hnglh skndd be a KMle greater, say All these dimoDsioDS of plates are fo be 
properly entered on the bill of iron. 

To find the dimonpions of a connecting phite fur tho boltom choril slriit, let ua 
inako the area of tlio section of same tlirough the pin hole equal to tho area of one 
channel, or 2.85 square inches. If d he the width of the plate at llu^ point uud t the 
thieltnese, the sffeettve area will be / - 4). Assnining ( « t, and equating to S.86 
will give d = 9.7 say KT : this can be gradaaify redooed to 6" at tiic ende, but the 
lO** depth Bhould extend at least six inehes on eaeli side of the panel point for the 
sake of appearance. 

The greatest tensile stress which need be provided lor is 6 x 2.b6 = ii.ti) tou^. 
The thiekaess of the web of a 0*-^.B* C is given by Tsble XTI. as OJtT, making 
the lever arm ^ (0^ 4. 0.S) = 0.4^ and the noment x 0.4 = g.7 ineh tons. 
Dividing this by 0.18 (the working bending moment for a S" rivet) i^ves 82 as the 
number of rivet* required on eacli .side of the joint. By making a drawing to scale 
it can be ascertained that it is just xtossible to use three towa of rivets l{" apart, 
wifli a horiaontal rivet spacuig of 2^ AUowing for tho j oint and pin hole a distaaee 
of 11* hotweeansaxest rivete wooU make the leaglhof the eonaeeling plate aboat 
6^4'', wUeh w ezeessive. It wonld be better to employ two rows of staggered I'' 
rivets, for each clmnTiel wonld then he weakened by only one rivet hole, and thoro 
would be fewer rivets needed. 1 tie number required is 12 it is found by dividing the 
noBMnt M hf the working resisting moment 0.494. Using a pitch of 8" will not 
bring the rivet holes too ohisefy togother: this will make eaeh pbto abont 4' loagt 
fdaeh b not too great. It wUl be noticed that wo assnmed the vriiote seetion to be 
snljeetod to an inteneUj of five tons instead of only the effMtive eeeti(m» as woold 
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really b* tiu oaM if the pin holes be properly slotted. The reason for so doing is 

thai, as » genera] rule, rivefteil mcmlnns .shouM not be snl>jeeteil fo fcn'^i'sn, but, if 
tiiey be so subjecteJ the number of rivots tis«d Tor the couueclion abouUii he greater 
tiitii tlttt «sUsd fbr by tiieofy. Tbm again, because of the oambre, th^re is a 
tonden^ to stnightsn onk tbe stint, tlis batding ihohmdI of wbieh nmst bs fssiatod 
by tbs riTOts at the joint;?. As tbe nssnmeil total tensiou on the strut is about twice 
tts groftt as tlidt to which it wonld be actu iliy subjecttHi, the theoretical number of 
rivets required hats been doubled, which, all things considerod, ia not making too 
great an allowanoe for safofy. 

W« win put a joint at tbo seeond pans] pomt from oaeb end «f fbo i^an, and 
aooUicr at the middle. 

For the other paud poinfs reliifnicim^ iil ifes will bo required to pompeusate for 
the material lost at the pin hole. Tiic greatest area lost in O.H x 4 =3 1.2 square 
inohes, corresponding to six tons of stress, the moment for which is 0x0.1s:2.1 ineli 
tons. This divided by 0.494 gives 11 as the total number of rivets on iotk sidaa of 
the pin hole, or six on each side. It will be better to make this number eight on 
a siilo, for fear that the reinforcing ylMc l-c c i!! - l ujjim to bo.ir tnnro than its cal- 
culated stress. A thickness of j{"aud a innxiinuin ih ptli of b" will more tiian com- 
pensate for the material lost in the web, and tlio lever arm being thus shghtly reduced, 
nill lessen the bending nouent upon rivets. A drawing to seals will dunr that 
the length of each plata should be abook 8*. Those at the ends of the apan may W 
made nearly a foot shorter. 

Next let n<5 proportion tho rciafurciiif,' or coimc'olin>^ plate at tho hhoe. 

The gteatcttt live and dead load btt-v»s at the oliaunei bearing is say ^ (^o'i.l82 
- 5 X 8,8) M about 20 tons. Be.Mng to Table XY. we find the neeessaiy bsttr* 
ing lor this stress upon a 8 \" pin to be 1 Table XVL gives the thickness of web 
for a 12" — 8G.32 pound diannel as 0.62", which, subtracted from lA", loaves 0.45" 
{jay I" as the thickness of plate required. If be the length of the greatest sect ioix 
Oi this plate by any plane perpendicular to tho batter brace, theu i x L should uot 
be len flum the aarea of one batter brooe ehannel. Supposing equality we have 
. i L « 10.9 and L & 

This conditiou will receive attention presently; meanwhile we will assume the 
thickness to be i", and calculate the numbi r of rivets required by multiplying tho 
stress on one channel (10.9 x 2.880 = iH.ii tons) by tho lover arm i (0.62 -r 0.6) 
B 0.66» and dividing the product (17.64 ineh tons) by 0.491, the maiatiog bendiug 
momentnf a 1" irivet, makutg the number 89. 

For this connection we can use five rows of rivets spaced two Inches apart, and ih 
pitch of about three and n half inches go as to bring tho rivets into horizontal lines 
as in tho accompuuyuig diagram, which ia thus drawn. Ijay out a horizontal line. 
A B. and from any point A draw Ih? lines A Gand A H, maldug angles wHh A B to 
eorrespond to the aro whose tangent is ff . Draw C D and £ F parallel to A B mad 
at distances therefrom ciiual lo i r2n" — 2 x 2.85") = ftbout 7", cutting A G and 
A H in C and E. Draw N O and i' Q iiarallel respeclivoly to A G and A U, and 
at dibtiuicos ti" therefrom. l)raw also tho parallels J K and L M 6". from 21 0 
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P Q. ' Let m tamm tiiftt the Ttttod dtBtuioe iMtwMB flie iwntre of the pin liols 

■lid tiie bottom of the shoe plate and that from the centre of a pin hole to the bot- 
tom of ft post are each ten iuohes. Sulitraclin;^ 1" for tlio tliicknees of tlie shoe 
plute, let us h\y oflf tlie remaining U" perpendioulnr to C D un l I' F so m to deter- 
mine the centres of the pin holes. Lajiug o£f the limiting circle of rivets with an 
Msnmed mdhia of 8^, wo oon mmek Iho rivot oentres as in the diagrom and 




i n 

E 



^\ X 

dotavmino tlw height of G Z above C D to be 22^'. If from Z drop the pcrpen- 
dionlar Z Y io AB and thus detennino tho boM of the beni plate to be 0 D F£ vo 
woold find it out of proportkn and probably too large. Let na lee if U be to« Vm 
greatest pressure on a leeward shoe is 

— ( ->uou ) + — 10.7 = about 78 tons. 

Let us assume the leii':;th of cuch roller to be 20" and the diameter then 
Table XVXI. gives the permissible prosiiuro us 7.U1 tons, which divided into 78 gives 
ten as die nvmber of rollers required. 

Allowing a space of 1" between rolk-rs ami u play of three iiu^lics wouUl raal<a 
the total length of shoe plide S7". This is out of proportion to the -sviiltli, so let us 
ftssome a new width of 25" and try ng:iin. The last mcntionc l table p;ives the per- 
missible pressm-e on a roller 2J'' x 25" as 9.88 tons, which divided iixlo 78 gives 
eight as the number required, making the length of shoe plate 8(r. Thi» is a better 
shape and will therefore bo adopted. 

-Allowing the shoe plute iiml the batlcr brace iipppr pinte to project 8" beyond 
C E iu the diagram, will leave 27" to be laiil off from C I ', to tlio right hand edge of 
the shoe plate, R S. Wo can now join R T tuid b U, and delcrmmc G Z T B B U 
If H E C 0 to be the development of the bent eonneeling pkte. Us dimensions are 
averaged on the InU of malerml. 

If from. B wo neaanre the perpendieokr to C G» we find it to be about 20t^ 
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wliich h netir enougb for all practicAl xnirposesto Am 21.8" reqnu-ed by t!:aory. 

The next dii'liuls on llio "List of MLtubi^rs*' ftre tfie reinroiTiiig pliites at the 
feet of the fOHLs. Table XV. gives fui- a boaxiug stresa of lU.U tous aud a 81" pin A 
beMTiug wklth of i**, mUmoUug Iran wlii«bO.I».tlMiMh lliUhiiMiof«ia^ - 
m*C, kam 0.56 m tbo tliMfai««i to be IwnulMd by tlwo«l«d« tad nuUU min- 
roi-cing pliites, frotu whieb it w erident thnl tho kMt «Uifw»ble tbiobiMM of iriU 
besuflioient for cocli. 

hoi ua aiiauiuB Uiat lu»\l of the 1U.6 tous tu borue by tUe iuuer reiuforoiiig plate, 
mi Um srauunder by tbe outer (kte wad Uie veb. Tba inomeBi of einH on the 
rirets viUUMft be 0.8 x i (|+0.88fi) — 8.968 b«h «oiui, wkiebdirided by 0.811 » tbe 
working beudiiig nMHneal for a rivet gives 11 m tbe namber of riveie le^iiiral 
to resist beufling. 

Tho totnl pressnre on the livbt.'i cnuaot exceed 



which (livitlejl by 1.46, the approximate working boftrinq presstno for a i" rivet on a 
plate 0.32.!) ' thick, gives 10 as the uamber of riveta rei^aired for bearing. It will be 
better to nw ft greftter iimaber of ri?eto tluut tbe oeloBletioiie eell for» beeenee Ibe 
teiaroreiiig pUtee eboaUl exleikd » fatr inebee hi^ier ibfta tbe hnrer edgea of fhe 

stjiy platen so as to stiiTcu the othcrxvisc nn';uppoi!i!il projcctinj? cml'? of the post 
chnnncls*. A drawiii;? to sc:iIo wonld hIiow the height rciiuireJ to be ahoi't 2' mak- 
ing the total luuglh of tho inside plate 6', and tliat oi the outer suy 2.4'. Ihese 
dimendooe ere epplioeble to the other post Teinforebg pbttee* tho widths for wtaA 
shoQld be oqaal to tiie depths of the channels to Mrhioh they are ftttadied, provided 
thnt such deptiu be not kes tiuui 8^. Theee dimeneioue tteenlwed <tt the "fiiU 
of iron. ' 

Next come the plates for coimectiug the intermediate struts to the postti. 

It ie not irorth vbik to autko ray edeatotione for tins oonneetion, bc oft n e e the 

etrcHs on the itrat is so small. 

Wo will n'?c two hcnf plates cacli I" i'' x 2.5' A fiimple caloulatton shows 
that the diameter of tho pin for attaching the vibration rod bhoaldbe vbieh 
weald leave 1 of iron ontsitU of the pin lioic, wliioJi is sofSoieat. 

Meait eooie Uwptotee for eoniteetmg the lower portal etmto to fhe brtehete, tte 
dimeusious of which we will aseujae to bo ^ 9" x 16"'. 

Next come those for connecting upper portel stnte to IMIM ptatos, the eiie ht 
wbicli we will assume to be x 0" x 2'. 

Next come the connecting plates for track sbringers over floor beanus, the diiuou- 
iioiM for whioh m$y bo taken x 9f x V, 

Nesl OOBM ttie oover pbites. The length of titose «t the hip luqr he tahn m 
S', for they carry no stress tluit oati br- calculat<Hl. 

The Btress oarrie<i by any iutuiuiediute oover plate is | x 20 x 8.648 =3 2fi.j>7 
tons, which multiplied by i gives 9.9G inch tohs as the mom^t ou the rivets. 
Udag I" zivela we have 




« 
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HISa ^ 20 file tUo nniuber 

required on each side of the joiut. 

If we use five vows and a pitch of 8", the pUtes will have to bo abont 2/ long. 
. Next come the hUing plates, the dimensions of whieh for the top chord ve may 
ATerage at i" X IS* x fif, 

N«Kt oonie ilte j«w plat«s for tbe Qpp«r btoval slrnta. The gnatoat worldiig 
siNn that could erci- come upon one channel, widtr thf mppwtUn thai it Mougt to 
th« tnt»*, is 1.8 X 2.018 = d.G2 tons, the mtennty being ibtind from Y«bl« VUL 

for 41i diametcr.s and one end fixed. 

The thickness of jaw plate should be i", and the width, wiiero tiie chord pin 
paoaas through, fttloort V*t it my bo roinoed to i" vhoro it ia atteohed to the 
o h ao ii ahi. Ilio kver arm lor the momoiit upon tborivotBis A"* vaik- 

ing tlie moment ^ x 8.62 = 1.56 inch tons, which divided by 0.811, the resisting 
b«nding moment for a J" rivcf , gives 6 as the nnmbcr of rivets required. Of the 
ttV8t« pMsing through both iuuei- and outer jaw plates but one half the aomber shonid 
ho oottitod wgm 9m acUng, thus if three pass through but one jaw plate aadaixtiiNai^ 
holb, Ibo oiMve mmiber witt he aix. 

fhil nelhod of proportionmg is, of course, not exaet. 3LiOttilig the disieaoe ho- 
iwoou inner faces of lateral struts channels l>o 7", we can determine by making a 
drawin? to scale the length of the outer jaw plate to be about tliree feet, and that of 
the inner one about two feet. The tiuokness of the latter need be only i" and its 
groateot ifidth at flio hole^ where the ohordprnpasseethfoafl^iV'. Wooansfengo 
tfao width of tiio ontor phto a* r anil the imier one at dr. 

Not oome the jaw phites on the lower lateral etnitl* Those on the 4" channels 
may be assumed v,-it!ioufc essential error to be of tlie same dimensions as those last 
determiued. Those for the b" channel struts may be proportioned by taking the 
greatest stress tliat can oome on the heaviest channel, vmier tht tuppoiUioH tAol it 
Mm^ m Oe mmt w.*8.68 x 14^ s 6 J8 tone, the inteniily h«i^ fMod tai 
Table Ym. for M diamelna and one end fixed. 

The levor arm ia ^ t- ) = Ar", making the moment ttpou the riveta 
A X 0.58 = 2.88 inch tons, \Tliich divided by 0.811 determines the number to be 10. 

lu this case there is no inner jaw plate lor the lateral rods are attached to rer* 
tieal pma. Wo wmk Ut/k the •amned tfaiidaMM Hw hearing. The greatest pull that 
oan am ooBw on the ond lateral rod la (vide TkUe VI.) 99.789 + 4.ia8a«M.M7. 
OttO half of this, or abont 17 tons is supported at each bearing. The diameter of 
the pin was previously determined to be 8^". Rci1nctnr» the 17 tons to 11.3 by 
multiplying by f, and consulting Table XV., we f:n<\ tljo necessary bearing to be J". 
As the pin bears against both the channel web nud the jaw plate, the assumed 
thiohnnaw of tibo latter will ho ample. MaUng a drawmg to aealo wo oaa determiDa 
the total length of jaw plate to be abont 4'. Th^ width required at the holes for 
the vertical pins can be determined as explained in Chapter XIV. It will be about 
7," so tho average width may bo assumed as 64*« Wo ean make the jawa for aU tbe 
6" channel lateral struts of tbe same size. 
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The Jaw plates of the portal strots act nleo as reinfordng pbtes, so tlieir thiek- 
ness mar have to be proportioned for this con<liUon. The pressnrp on the heflrin": 
IB eqaal to the greatest working stress ou n lit" rod, which /or an inuntiuj § 
upwIUbbyL gifM M 0.840 4. lJS!5m9MiS torn. Tht 4iHB«tor of tiw pin vm 
temiiMatolwSl.'' OooaidtiiigTiAkXV.inaiiAllMiMMMarywidthaf b««n^ 
to be subtractiug from which the web thickness \", leaves i" tOv tlie tliictucss of 
tlio plate. As the hitter will hare to resist beadiug, it will be well to inake the 
Lhxckuess The width lihotild vary from d" to 6", making thfl averHge say 7". 
Tth iridlli tUMj speaking ihoiiU be eiMiM, baitl w iMvdljiMeeMMy; f«r, 
jndgmg by a similar oilootetioa in Olukplflr XIV., w» ou aonolnde iliat if tlie pin 
hole bo placcil as closely as possible to tlie cuil of the strut, aud if tlie jivw plates Le 
made 8" wide at the pin holes, there will be sufticient umteiial to resist the bcndiii;^ 
produced by th« tiraQt«veri(e component of the gr«iikleKt working strcsii on tlie portal 
lodt. Th* g ti al ert Onm on om duumil snpposing U to hAoag to ^ (mn wnii 
be 2.1 X 2.184 = 6.12 tons, the intend^ being taken from Table YIU. for 01 
diameters and one cud fixed. The lever arm is ! (J + l) m- il". niaking the tno- 
mmt on the rive^ ft >: 5.12 s* 1.92 inch tous, which 'li- ided by 0,311 i,'ives 7 as the 
nmnber of f " rivets required. A ouloulation fur bearing would give a smaller uuiu> 
btr. Luring out fl» UUO. to mda, m And Mm* «bt nfvixwl lai«4li«<tb»j«w 
fUte is about 8'. 

Noxt come the extension plates. Let m first proportion those for the kr^t 
post. The tliickucsB for one extension is fomid by dividing the total sectional area 
ot the post by the depth of the channels, or 1^ ss 1.11 s^y 1^", which T^ble XV. 
dioira to be mofltliiuisiiAclflntiMr beating* IMi eitonaioo plato ean be flu4a ny 
oilwetleleefMli A "tiriek, Che inner floeeitandtog Inner Oree inehw betoir the 
Vp^r edge of the stay plate, aud the outer one as low as roqntsitc. 

The stress carried by the rivets is 1 x 87.122 — IBM tons and the lever arm is 
i(A 4~ 0>d8) s 0.45", making the moment 18.6 x 0.45 =3 8.ti7 iuch tuu^. Using |" 
lifela we divide by 0.404 end find tlie nmnber xeqnired to be.17. Only one half of 
Ihoae rivets wliieh pass tliroQgh botbtbidmseiee of finto end liie cluiunel web are to 
be counted in makin;:? up the 17; and t]ic eonntorsnnk riveto passiiig tbroagh only 
the two thicknesses of plate are not to bo counted at all. 

By laying out th« oouuectiou to scale we see that the inner plate shoiUd cxteml 
•beuttO^betovtheendeorthe ehannsli, end thai ira ean nee five rewa of rivell 
mth a 0^ pitoh, permitthig of the fessage of 18 rivets, half of whiclt beuig dodacted 
from 17 Imvps 10 or 11 rirpts to pa^s tiiioui^b the outur plute nnd tltf wi.b alone, 
making the former oxieud W below the top of the pom!. cliauueU. The total length 
flf the enter plate is, therefore, 28", aud that of the inner plate 20." Similar calou- 
ktions tor tte ailensioa pletee of Ite ottiw posts will give the dinisneione neetdad 
inliie«BiUof Xrou." 

Tlie thickne<is of the ^!io<? plate is given in Chapter VI. aa 1"* and ito other di' 
mensious have been determined to be W x 80". 

ThetfaMmeesoltbe roUer ptotoisaiso 1", its width about 25 + 0 x 0 » 8ir, 
end ite lengOi 80 H- 0 X 0 + S s 00^. 
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The areft of the shoe pUte » 25" x Sty tees about 80 aqtiiirtt indies far Ihe 
•■dior bolt holes, or 720 square inches wliioh mnltiplifld by 200 aad ditided bj 
2,000 gwea 72 tonn as the grcateit p«riiiis«ib]e pr«aBiir« apon tlie «bo« pl»tei if it 
rc9t« directly on the masonry. 

The gVMtwt Mtail prenot* htm aaoerhtiiied to be 78 tons, thenfore we miiefe 
eilliir ttM bed pklM at «he fixed end of the apenor ineresflethe wea of seeh shoe 
plato to 780 + 30 = 8I() gqnare iuclies. If wo make the width W and the length 
82'', vre -will have 892 isqnarc incites of area, aiul thnrc will bo no nadlM projeetlQIi 
of plate beyond the pedestal, tliercfure this Tn^tliod will be ai^opted. 

The be<l plates for track slriugersmay uo luaae i ' x H'^ >c 14", nud the anchor 
pktee I" X 6" X 8". 

The bean hanger plate* may beinade li'' thiek. Thediatanee betweeBoeolref 
of beam hangers may be averaged at 9." A lA" square bar npsels (viJo tnblo in 
Chapter XIX.) to I]", for which the greatest diameter of a hexagonal nut is (vide 
t:il)lo in same chapter) 4.04", making the necessary length of phvto 18". The neces- 
sary width will be 4" + lik" + i" say di". The weight 'of each of the two name 
pklea may be aeeumed to be 50 pomidi. 

Next come the latticing and lacing bars. The spread of those for the dmrds 
nntl bnttcr brrtccs is nboat 17", au-l the strdcli bhouhl be about the name. The 
kugth of space latticed on each chord paucl ii^ about lb' 0'', and tltat on each batter 
brace about 28' 6", which distances divided by 17" and multiplied by 2, show that 
26 ban will be required ibr eadi panel length of chord end 40 for eaoh batter 1»ace» 
making the total number 472. 

Table XX. makes the size of the bare I" x 2^'% and Table XIJL. maltee the 
length 2.008 -f 0.231 = 2^' nearly. 

In a similar manner are detormiued tlie number and dimin^ions of all the lattice 
and lacing bare reoorjted in flw "Bill of Iron''. For eimphcity in shop w(nrk we 
will nae atay pbtes instead of laeiDg for the lower lateral etrate : theeewiU permit of 
the passage of the stringer connecting plates through the struts. 

The lcuf,'tliS of the luu.s on the " Bill of Iron " incluJe an allowance for the nnts, 
and a reduction fur diminished diametern. The diarac tcr of the anchor bolts is found 
in Chapter YI. to be 1^", and their length may be assumed to be 6'. 

We will aUow 100* for temporary bolts nsed in ereetion: these need not be 
wasted, for they ean be saved for erecting another bridge. 

An allowance of 150* for ornamental work will be sufficient. 

Let us average the length of filler for each pin at 4", and the weight per hneal 
foot of filler at 12 pounds or tUo weight of each, filler or pair of fillers on a pin S 
poonds. 

For the flUen over end floor beams, we will employ 12" —42* I divided along 

the middle of the web, as there is no lee iron deep enough in Carnegie's sections. 

For the shoe pin supporting pioccj;, we will employ 12" — GO* I beam with the 
upper fiauge removed : the lengtk may be averaged as in the Bill of Iron to obtain 
the approximate weight. 

The weii^tof the stringer bracing finuuesis ineliided in that of the stringers. 
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The traok mils with their fish plates and attacliing spikes do not beloiii? to the 
bridge^ for they woald have to be provided if the bridge did not exist, so Ui«tr 
traii^ ii aot iudaded ia On « Bill of Iron", bol mni toaOmdialbmdiw 
in dwwiring th* dead k»d : it may be taken to be 45 pounds per lineal took Lack 

nnta ■will bo used on connters, latenil rotls, vibrntiou rods aud beam bangers : let VB 
average thoir weight at i' eadu Au allowanoe of 60 poonda viU be anffieient te 
pilot nuts. 

Tha total wei^f of rival hoada may ba calculatad from tiw gr<wq> in the Kat 

of members, but it is nOli>lP0tlh while to do so ; for, if three per oeut, be added to the 
total weight of Iron, it will oovcr the weight not only <tf tlM xival hoaiil. bvk alao Uiai 
of the allowance for rivets lost during erection. 

The " BiU of Lumber " needs no explauAliou, exoept that there is au aliowanoe 
for an OKira tio at oMh and o( tlia qMB. 
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The total ireight of iron, less a amall amount bdouguig to tlie floor system pro* 
per projooting beyond tli« encl pins, dividMl by 168 gives 1262 ponnde as the weight 
per foot for the iroawork, egreerag vety well trith the tmioiinb fimnd by intevpoUtuw 
from Tftlilo I. 

Thfi tnfu! wtif^lit of lu!iil>or is 7154 X 4^- 1008 x 2i = 88,621 pounds, whicli 
divided hy LrJ. laet, tUa tlistniico over which the lumber extends, gives 196 pounds 
an Uie weight per foot of the lamber. The total weight per Ibot wDl tberefoc* be 

. 1282 H- 195 •)- 4fi - IfiSft. 
From this must be subtracted something lo allow for the weight of iron that rests 
directly upon the masonry, such as the henvy pedestals, en'l lower Interal stmts, bed 
plates, rollers, anchor bolts Sto. , in all about 6dU0 pounds weight or 82 pounds per 
lineal foot, makittg the proper dead load per lineal foot Iff22— •82 s 1490 poandfl. 
The aesamed dead load was 1480 pounde, maldiig the difiNwoe 80 poinidB per line*! 
foot, or joet four per cent., wliich ii within the nllowablo limit of error qieeifledin 
Chaptrr TT. It will, tliercforo be unneces<tarv to mrtko the caloulationfl nnew. 

It III IV appear to tlie rou'ler wlio lian carefully followotl out all the calculations 
in tills chapter, that the deaigniug o£ iron bridges, aud eistimalittg weights thereof, 
involve a great deal of work, and demand oonaiderable time : bat sneh ia not neoea* 
aarilj tibe oaee; for an expert could have made this dengn in from three to four 
hours, bceanee bis experience would have told him the sizes of many of the dctnils 
aud the number of rivets to employ. In this chapter everything liixs been figured 
out caiefuUy euough for making working-drawings, instead of merely an estimate of 
weight ; for the author oousiders that it is better to teaob the beginner exaotmeCheda 
in the first plaee, and leave him to develop approxitnate ones aa hia praotieal eo^eri* 
once meraases. 
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CHAPTER XIX. 



WOMtKU-UBAWliiGS. 

The Ileal poiuto lo be d«lermbMi beim eomnMueing a working-dratring tm 

the Male Aud tlie size of the paper. The least scale which it in convenient to use is 
one inch to the foot, and the greatest ycalo for a wliolo (hawing Mhoiihl beklom ex- 
ceed Au inch and n lialf to the foot. If a HmaUer sciUo than one inch be used, 
difficulty Will hii experienced iu writing the rivet spacing between the tiret IioIm. 
The wUltli o! the paper ihoaU be from time and a half to km and a half, cr even 
Ave feel ; and, as for the lengUi, it is better to nee roll-paper, and not to ent U nnlil 
Hm fimite of the drawing be determined ; for it is a great convenienoe to be able to 
make oil the workinf^-clrawin^s for n bridge upon ft single sheet. 

The following lu a draughtgmaii'a equipment for making worlung-drawiugs iu a 
methodioal and eipeditioiis manner .* a table from four to five feet vide, from six 
to etgfal Ael long, and aboni three feet high ; a pair of elepe each four m five indiea 
riee, and three feet long { abevelled steel stnught-edge, at least three feet long ; a beam 
o.n^iass with taii;:»oiit scrow attachment; a conple of muill triangles (rubber ones 
are the best ) ; some four- II aud nix-H pencils ; a little tracing-paper ; a huely divided 
duodecimal boxwood scale i^the ttuldivi^iouti beiug quarters, oigUtlis, and eixtecuths;; 
« good boat of inelnimentB, indoding a protractor and a pair of hairspring dividere ; 
and the neaal outfit of riibbere, tilsM, pens, ele., that one finds in drai^htemen's 
offices. T-squares, large triangles, and parallel rulers should never be used in 
making a working- drawing. The first can never be depended upon, because of the 
impotMibility of having both board und T-square always perfectly true ; no wooden 
nder ean be r^ed on not to warp ; and pandlel nders are a delusion. 

For a lew iuehee it is pMrmissiUe to tom ri^t angles with triangles, bnl for 
long distances the beam oompass shonld be used; aud parallel lines can be most 
accurately drawn by erecting a perpendicular nei^r cnch end of the original line, aud 
Inj'ing off on tht'm equal diatanees. AVlicn diwtance.s arc a little too great for the 
iriaugles, and too small fur the beam oompattti, the large ordinary compasses can be 
need ; but it will be fomd that they are seldom required* the foar>B pencils are 
to be used for writing dimensions, ete., and the dx-H onee for drawing Unest The 
draughtsman should always have at least one of the latter sharpened to a chisel edge 
for niiing, and anotlior to a point for likotohing. lie will find it to be f^r< ;(f1y to 
hiif iulvanUgd to keep his pencils always well sharpened, for au error of the width 
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'<»f ft p«iioil>Iia« frill oftm oaiue « gMai deal of iiifloiiTMUMm. A pioae of enwr/ 
paper or a fioe fll« irill be foauil nsoful for sliarpeuing peocils. The traciug-paper 
wilt hp couveiiicut in trnii^ferrinj^ diawiugii of fiiiuilar cliord Iwadv, elo. : its fonoUoD 
is merely tbo Having of a little time. 

It is generally bolter to h»vo both * kiig and « ibffirt Molo. Xbo long ono nwjr 
be divided into feet oalyf tbe inebee uA frMUoms of inohee hwag taken from « dia> 
goual or otber email aeale* IF tbo draaghtsmau bo not provided with a suiUible 
scale, lie cnn oasHy prepare fv very fair one for himaell on a strip of tbe roll of 
paper upon wbioh the dniwing is to be moJe. 

Tbe mettwd of projecting cue Htm of a piece frou another viov irill wrf do for 
iPOrking'drawuigB, owing to the fiability of the trianglee to alip. All neaanrenienta 
sUoulil be trausforrod by the dividers ; and, if there bo any probability of the points of 
tljc dividers having been raovetl, the distance between fhcm slionld be tested by 
laying it ofif ouce more upon tlie original length. There should he no more tliau a 
eingle tranafectenee of any one distanee, fat enoca often inoreaae, htataad of batandng. 

The ganwal arrangMoent of a worlung-draving oonatata merely in laying oat a 
plan ami elevation of one-half of the span, leaving at least a foot < f Rpacr- at oach 
end, and six or ( i::rlit inches above the elevation nnd below tiie phu), if tiicio hi; room 
to spare, with the same distance, or a little more, between. As it is iuituHterial if 
diffnent portiona of tiie drawing eroae eaeh other, provided thai aodi interaaotiou 
eanaa no eonflicfing of the measurements, the various memben may be ahown in 
aevera! vif'\Ts nlonc^sido of tliLtt iL-sjicctive positions in plan and elevation. 

TIius the top chord may be repiesented iu an under and un upper view above 
the elevation of the truss, and tiie batter brace may bo shown iu a similar manner 
abomandto (me ode of the elevatiou. Irrojeetiona of the poeta on ^bmet tranaverae 
to the bridge m:iy be' drawn alongside and a little below the elevation of tliese mem- 
ber"?, thrt amount of lowering being sufiicient to briii!^ tho cnd^ of t!ie strxit cloar of 
tho chords. Attached to the projections of the i>o8ts can bo shown the intermediate 
strata and vibration rods, with their oonnections; and shortened viows of tbe chord 
bara and diagonals ean be phuwd alongaide Uiahr elevationa in ocdnr to repreoent tiie 
beads clear of all other members. Passing to the plan, on ouc side is di-awn tho 
packed lo^or chord, ;vtid attached tliorcto the loT^-er hiteral rod-s sind struts in Imlf- 
length ; while alongside the latter con bo ropresoutod an elevation of the samo with 
the floor beama beneath, and an ei^ view of flia baanu near by. TIm stringers ean 
■lao be repreaontad in thia nalgbboorhood. At tho otiher aide of tha plan, ean be 
shown half-lengCba of tiio upper lateral rods and struts in two yism, and a pro- 
jection of the portal bracing on tho plfuie of tlio butter braces, and on ]i!aue8 at 
right anglee thereto. Each detail can Le deliiioated to any required extent in the 
neig^iboQrhood of its position hi plan, elevation, or both. If neoeeaary, the panel 
pointaononeaideof tho plan may be btonghi oppoaite tlie middlo of tho panela <m 
the otlier side, in ovder to avoid too ronoh interaeetion. 

This atTangement, although a good one, in by no means tlie only one, and in 
some oases might not be the best. For instance, iu hkew bridges it would be well to 
ahow tbe whok of tha lower lateral qratem in the plan, and the whole of Uie upper 
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Uteral qntem thvn tbe tlmtimi, in eofm«ekiou with the nppermott view of th« top 
diord, wliich should b« tbo plan from nbovo. Then,' again, if the hriilge be A liirg« 
one, the height rauy he so great that it will he impossible to show tlie plan below 
tlio elcvotiou ; in whicli case it will he iicco -sary either to mako se^Mirate (hawiugs 
for the pUu aud elevatiou, or to pluce one aluiigi>iUo of the otUei' ott the buuic sheet. 
hi maMiig tnkdng* of the woriiiug drawing, thb traeing^doth eon bo diifted about 
■0 M to group ahnilar parU ftttd bo a« to avoid too mu4^ intenoetion of differenfc 
portions. 

Provided that any piece be symmetrical nbotit a piano cutting it at the miiliUo 
of its length aud at right angles thereto, it will be suftioieut to show only ouc-half of 
the piece ; aud the measoi'emeut may be referred to the eud of the member, to the 
emtntl plane, or to both, Wbero the oanie detail is need iu more places thau one, 
it is not neosssoxy to show it more thou onoe, provided that it be etaeUif the sane 
in every respect. 

As an illustiation of how to ni ilie a working.drawiug, take the case of the 
bridge treated iu the last chapter, and assume thai the paper and table are each 
fimr and a half feet wide. Using the soole of on inoh to the foot, the depth of the 
elevation will be about two &et two inehes, and the width of the plan obont one foot 

five inches. Allowing five inches above the c'li vation, and an much more bulwecu 
elevation and pluu, will bring tlio lower side of tho plan within ati inch of the edge 
of the paper: this arrangement will do very well. Tho first step is to draw a line 
with the steel straight-edge, as nearly as possible, without taking too maoU trouble, 
pavolled to the length of the paper, and at a distance of two feet five inches 
below the upper edge. This line slioulil he very fiuo aud perfectly straight. It esn 
be ma^^c so by prolonging it half the Icugth of the straight -edgo nt ;i time, mi l after- 
wards testing it in several places. On this lino take a point a fin 'I <'r more from 
the left-baud cud of the paper, as the ceuLi'o of the eud lower choril pin. Lay uU 
along this line with the greatest' posrible aeeoracy the panel length, imtil tbe centre 
of the bridge be xeodied: in this ease twenty one feeb must be laid off four timee. 
At tbe panel points erect short perpendiculars with the triangles, and on the per- 
pendicular at the centre lay off tho camber, "w liich in this case is three inches f r/<f ' 
Chapter YI. ). Had the bridge coiUiuned au odd number of panels, it would have 
been necessary to draw the middle pauel, aud lay off the camber of three inches at 
each end «f this panel. Then, aMUming the curve of the diord to be a parabola, 
the ftn from the oentre to any panel point is equal to the camber at the centre 
mnUiplicd by the squnrc of the ratio of tlic distance of the panel point oousidered 
isom the middle of the span to the half-leugth of spfin. 

Thus m the case cousidured, tho falls at the first, t>ecoud, aud. tuud panel poiuts 
wm be respectively d{\y, 8(i)>, and 8(i)*, or f|", V, sod -A", making the heights 
of theee pehits above tiie horiiontal line respectively 9" — 8'' — and 8" — 

or lA", 8i'^ aud 211"; which distances are to bo laid ont upon the perpen- 
diculars 80 as to locate the centre^H of the lower chord pin?. Tho length of the 
panels as thus determined differ from iho&Q of titeir lioriieoutul projections by nn 
inappreciable quantity. If there be any leugtheniug of the chord, it may go against 
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the play of Utc pin* in the cyeK. 

VaA join tha ooonenliva pin eentreti, {irocliidtig tLem Mdi tmy a lilCto move 
tiuw pftnel length, so as to fHcilitatc the ejection of porprndicnlars thereto. Tben 

at pneh of the difffrcnl (■( ntii s rrc( t n |»<^rpeiulicular to encli centre line meetiug 
flirrc, and bisect tho angle littwitii tlio pcrpcuclicalars : tlie line of biseetion will be 
the coiilre line of tho post. Greut C4iro must be exercised in tnruiug these right 
•QC^ei witb fbe be«m €onp«8aM» two {lobtit on Mdi of the peipeiidieiilan being 
fonnd* «o that if theee two poinU and the eentre be in exact Ime, the perpendicalu* 
may be relied on as correct. On each of these centre lines lay off the depth of the 
trnsw, and complete the sVdeton diagram. 

A partial clieck on tJie nccnracy of the ootiAitraction may be had by measuring 
tlio panel length of the top ohord, which sboold agree with tfie lengtii eiMllafl m 
foUowa. Let 

l» s tho increase in tho panel length of the top ehofd tban tbit of the 

bottom clioni, 
e — the camber at the cculre of the bpaut 
t =: length of span, 
d = depth of tnue, 

and 

tt = uumbeJ,' of pauclb. 
Thcui ttcoordiug to the method given in Trautwiue'ei "Pocket- Book," p'= —— , \^-here 

({ and < may be jncnsniml iu fuct, ami c an 1 /> in iiiclic<?. The panel length of tho 
top chord will then he I' = ( /^ where i is the panel length of tho bottom chord. 

Thia is not a eertahi proof of the aceuracy of the work. Two eonaeestiTe port 
oautve linea nu|^t bo equally inelined from their oorveet poaitiona, and on the aaiiM 

side, though thia woold be hIkiwu in tbc next panel. A certain check must bo 
ubtaincd by nic<i!fnring tlic Irngtht^ of tli< ilia^'ouala, which alioiild be eqnal to eaoli 
olber* and agree with that iuimd by the formula 

whera 2> ia the length zequired. 

In double inleraeoUou bridgea tho exact longtha of the loug diagmab eaa be 
fotutd by the Itallffwing ineUmd. 




Digitized by Google 



^ 187 — 

Lrt lapiaid kngUi in bottom dufd » <7i> :s DH, 

• as ^ iiMMMO <if poiMl kngfh in top diord. 

i a dipQi of iniH betwwn oentrM of «boiF(l JB. 

ongb betvMi radial lino ot ponol pi mkI X to ohonl. 

V'"^-*'/^ 

BO can be taken o^ual to GD+DB = 2Cf/) without perceptibly affecting the 
fiaal result. 

Ill tfiiingle Ji/d', JIJ aud iJO' arc known ; also angle AlfG = 90'^2a. 

BG::tan i [180' — ^yo + ajj: t»u i [JBiJG — B<?J j ; 

*«-«»^-« »» - [:^^ t«n (45-- S)] 

Again : 

( BAG — lH:tA ) + ( BAG + i>*(7.J ) = 2 /J/lf? 

( 7J.1 (? — ) + ( 90* — 2 a) . wUiob gives j 

«Ik» 

BGA - 180'— ( BAG^ UO* + ««) =9t)* — ( /J.Jt? + 
finally, 

j{<7 ^BOM BAG + BG' COS L'(7.l = length of diagonal rciinired. 

Tlic lc'Uj,'*li of tlio dtagonil as mAuafiielarel should be one sixty- f^nrtli of au 
iueU \Qm tliuu uiat e&loaluted, tio m to allow for the play of the puis m tho eyc-it. 
At a sUghtiy greater oUowhioo for play is perniaailde, H is bettor to take ibo neil 
wnlboioiiElijr^lbiutii, if, alter making ttie rotbieliairjast indicated, the length should 
uot oome oat on an exact ulxly-fjurtli. Because of the iu llio pin liok-s of the 
bottom chord bars, tlie panel length of Die nianufact'tn- \ top obocd should exceed 
the oaioulated leugth by about a thirty- socoiul uf hu iiick. 

Noirt flU onl tho olevation of fiio etioras, posto, diagonaia, oad batter brooo, 
viHioat ahoiring dotaild. Alongside of each tension member show the heads with 
their dimension!', ami ou tlie sliortoncd ilistanco mark the si/.o o." the bars, the number 
of them, and the leugtli from centro. U c.-ntro, as shown on Plate X. 

At the right>haud end of tli« drawing, or ou a separate sheet, whichever bo more 
oonvioioni^ draw onl tko hoods fall oiae, ^aeing ooo on Ora otlier, if tiiia oaa be dono 
vitbovl confusion. Somctimos 00 many as six beads can be roproooated abOttk one 
Onfre, provided that both pins and head^ diminish togctlier. 

For hammered heads tbe method of construction is very simple. It consists in 
doanriliing, as in Hg. I of the accomp.<utying diagrams, a circle of radius C-'t 
09^ to M oC die pin bote^ and a portion of anollior oaiote witli a raditto C0, ofoat 
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to Urtt of t!ie pin Lolc i>\m the proiluel of om-lmH tlio 
clepOi of tkobar UKhy the MtiogiMiiinllwIiiUdiii 
GlwpterVI., thendrawuig the lines DE «ndF(? penIM 

to (he sitles of the bar, and at a dUtanoe therefrom equal 

to CH; fin l with Cm ft centre nnd n rn(lin> TP, equal 
to twice Cli, iiescril)in«? an arc to intersect />/•.* and FG 
in the points /> and 7 '; finally, with Jf and F as ceuirco, 
and radii equal G> Cft, describing the Mree HL and ifJC, 
tangent to tlie aidee of the bar at 17 tud iT, and to tlie 
ont«i' circle at f. and M. 

For wchled heu ls t]ip coiiRtrnotion is as .shown in 
Fig. 2, where the ptn lioio un<l bar arc hiidout aslteforc. 
The distance AB is equal to one^balf of HK multiplied 
by the ratio given in the table in Chapter TI., mA the 
distance SfM in equal to UK, or the diameter of the pin 
hole, whichever he the greater. Tlie centres P and li 
of the arcs OliL and OTM respectively are tbund by trial ; then DF and FG ore 
drawn parallel to tlio sides of the bar at dietaoces therefrom DH and FK, equal to 
one and seven-tentlm time Pit or RT; and with P and B as eenties, and radii eqoal 
to two and seven-tenths times VU or liT, or, what is the »ajne thing, eqnol to DII 
plug I'll, area are described ctitting 1>F. in /», mid FG in F, fiuully, witli D und Fas 
centres, m\<\ witli radii equal t« />//, nrcs :uo di awn tangent to the sides of the bar 
at JJ and K, and to tlie arcs OJifj and (J f M at L and W respectively. 

These eonatraetions, vith sUghk modifieations, are taken bva TranliiMri 
«<Poeket-Book." 

Next show the po^ts and the attached sway bracing in two projeotions with all 
their details. There should be allowed a clearance of nbont an eighth of an inch for 
the eudhi of the post^ inside of the chord. The positions for the stay plates should 
be as elose to the pin as possible, allowing a HtUe eleanmM for Um HMgauaSi* The 
proper positions ean be aseertained from the general elevntioii. lite hrttise bars 
should bo oIoNO to the stay plates : it will not be necessary to show more than a few 
^rtlicm on each ^tinf, Ihc positiona of tlieotlieirs being indieated by theiv esnlre 
lines, as shown on PlHtc X. 

Next show in two projections the t4>p chord and baiter braee with all their 
details, and give several views of eaeh oonneetinf •plate and ofliir detail in ffie 
iieighbiwrliood ef its poeitton on the devntion. The joints in tba diaiinda nd plnte 
of the top chord should be located three or four inches to that side of eaoh panel 
point which i ^ fnrfhcst froni the centre cf the bridge, so thnt the pin holes shall be 
bored through n single piece, ond through the thicker of the two abutting pieoes. 
At the hip joint it is of course miaToidable to bore the pin hole lliroagh the abntling 
ends of the chord and baiter-brace channels. Next pass to tlie plan, vrhera the fint 
thing to do is to draw parallel to the original horisootal line of Ute elevation traosa 
of tlio fciitr;>l Vfrtifiil j'lancs of the tru?!«!es nji'l I'f tlic central pbme of the bridge, 
locating Uic panel points very carefully, and as nearly as possible Tertieally, below 
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tlieir eomsjKMiffiiig pOMtions on tiic elevatiou. Then arrauge tlw chotii paokiug ou 
•M lid* 9t tiie plaa mm to make tl» hmtatg'mammto oii.ti» pins m andttm 
possible trtUumk bftTiag any U tiie dionl ban pull ftk loo graai « irilii fho 

piftne of (he trnss. 

If j»ny of the paneln liixvo tnissctl bftrs, klie trnaaiag should be here s^liown. axuT 
tlie spaeing of the rivet boles for same iu the choid bftrs ehoald be represented close 
t»lb»|iiuiollho«ratMdban. If tlM!«be«liOtto«iMftralkitiio«ldlMMpn. 
Moled in devatimi ftkogriile tlie pka of Um paddag. 

Near the Isttor should be drawn separate views of the lower chord pins ; giving 
their number, diameter, lengtlis between slionlders, diameters and lengths of reduced 
ends, and the total lengUis; also the 8i/.es at' the unts. At tho right hand end oi tlie 
drawing show the floor system proper for one panel length in plait and elev^ion, 
aIm a floor bMin and s tnwk-atffiogor eadi in two or tiirM views, wiOt tho duma 
MXl tlitir oltaehraeut to the stringers. Gcuerall.v the iloor hetinis will bo all ahko 
and Bvmmetrical iibout the central longitudinitl vcvticul plane of the bridge, so it 
will bo ^utliciont to represent half a beam. The bearing for au eod Btriuger sboold 
be completely delineated. . , 

Ononelmlf of IIm plan ahow tiialowM lateial slrala and lodo altaflliai to Iba 
lowor ehord and another vkw of oaoh alnngMdo, awlfargitHBg to pMfOii^ lafMinl 
the tarubnokles; and ou the other half of the pkn sbow tlio upper lateral strati and 
rods iMvl tltp pot tiU bracing Ciicli in two views with all the details nf-sr by. II»ilf 
lengths are generally sufficient for these struts and rods, bat if lull lengths be re- 
(luired Atiy can be represented by moving the panel pointe of tbt lower half of the 
flaa batf a pmmI fcoglh to «h« tighk 

Plate X. was preparadby fhe abof* method, bat wm afterwMda iMMd ffOtt 
ibe origiua! sheet into a more compact form. Tlic bcale of ^ " = 1' used is smalldr 
^au shon! 1 be employed in practice. TIhh in bnth for economy of space and be- 
caase the drawings were prepared tor a madui ot the bridge draigned in the last 
chapter. For tbe biUor tttmoa there are no details dralm on ta ankfgad Male. 
It WM aniliiMr** inlentiott to ilbutoato on tliis and sMoaading platM all tiie 
worbing drawingt for the model of tlie bridge, but he has been prevented from so 
doin* by the nnnsufilly large estimate for pnnting this memoir. The complete 
drawings can be scon at any time in the rooms of tho Ci?il Knginenring Department 
of liia Tokio Daigaku. 

In writiDg dtownaiMw, ate, open a woddog^dnwinf. itiainnaleiial ffom 
wfaloh direction the writing be read ; that is, it maybanad lidewiM. npvdodowiWM 
in any direction most convenient to the dnm^'htsman. In making tracings, this 
inattiM- can bo rectified it° it be thon^lit advisable. Full directiona for tbe manofae- 
turer tdiould be written ou the drawing. 

Finally, toko (he list of members, and go oarefdlty over tha drawing with it ; 
s6iingmiioB^.ihat saoh piaMisTfpr«oontod,bnithaltfieie arasnfltaiant aMMnre> 
nMQti given to have it manufachued. 

The following Additional lirectiona and bint? nmv be fonrifl n eful. Befer each 
group of rivets to some local hue, which is . itself referred to tho end of the pieee* or 
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MM tSbm pffOMiDMit pMi. filiow ft aMttott of eMh iMMbir» and write Om dliiMn- 
none of all okumels, angl«8, I-beMus, etc., near the atetion. Wriit abag Milt 

piece its extreme length or lengths, its leugUi from ceutre to centre of eyes, ancl of iv-bai 
it is cotiiposecl. The ends of the two piecf? r'f an adjustublo rodshonM be srpnratcd 
by at least three or four iuoheti in tlie torn buckle or aleeve nuL Mark wii&l rivet.i are 
4o«iilaBiiiikr «t iriniii «mU B'tbttMalftof Um dMniiig bt kKfoenoogli, tbo 
rimttmg on be tins npniaBtad— Inw tatt jnam Ham, mnw «m ifM far 
ooantersinking on the upper side, dotted panUel lines for cottntersinldngoatlie lower 
Bide, two sets of parallel linea crossing eaoh other at right angles for oounteraitiking 
on both sides, and itolid blM>k circles Sax rivet holes to be left open. Be careful to 
idwajs noto how aaauy pieoes eie to be made aa shown end how many oppoeite 
hewl, wium Uuie are both righte end lelto. 

Lay iDnfc all benUed ends on an enlarged aeale Mj^ lk«n belf to f ull liie, and 
mark their dimensions along the edges, referring all moaaorements to a transverse 
line through some well defined point as the centre of the pin hole. These measure- 
meuts should be checked by oaleulatiou. The shght beveltt at the joints <A the 

dietd ahoold be treelad wUh ee modi aeooMMj ae tiie bevels at Ibe hip joints } bn^ 
as the be?el is vecy alight, it will be iagitiniate to |«t it all en one of tiie abnt&ig 

ends making the other a square cut. 

The eentre lines for Incing bars on the nnder pidf> of a strut should be dotted. 
In toying out a long row of rivets, for instance lattice liveta or those for the top 
pUtoofnsiundarbaitwbinBe, ealankte Mm dntanoM eC aeme ef Ike inlarMdiale 
livelbolaa flmneneendeftiieelint, tiMnintarpolatetiie etiier holsBi beMoae, if 
the spacing be laid out continuously from one end with the dividers, any error in 
the span of tlie dividflni will be anltiplied by the nmaber oftisMs tbal tbe dittanee 
u laid off. 

Afttir laying out a oouiplele syatem of rivui« for any member, check by seeing 
fliattiieBBm of tiiedistanees between rivet holas plus ths diilanee of eaek aid rivet 
fvom tiM end of the member i« eqaal to the total length of tha oMttber. 

Make duplicates of as many pai'ts of tlio bridge as posAible even at the expcn^^o 
of a .small amount of iron, not only to save time in draughting but also in tlie sh^p 
and to facihtate the work in erection. Arrange to have as few loose pieoes lor shipment 
aspearibte, andaarli on the drawing of eaeheonneetiug pieoe to what it is to be atta« 
abed or whether it is to be left kioee. Hms the hip eooneelfaig plalaa ahoaUL be 
attached to the ehords and braeea and thoae far the top chord to that portion tli ro- 
ugh which the jiiu liolo is bored. If there be any reason to fear rough handling of 
the iron in transit, it may bo necessary to send some of the connectuig plates sepa- 
rately, but the more loose pieces the more field rivetting, and the more field livetting, 
the greator the ereeting expenws and the longer the time and the gxeatar the risk 
in laidng the Imdgc. 

Riret spacing hhould be as regular as circumstances v»ill permit, and all chan- 
ges in spacing slioaM bo made Huddeuly instead of gradually so as to faeUitate the 
punching of the holes by machine. 

All naasmemsnta dmnld be in faet. indies and the faUewmg vulgar i ka eiion s 
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of iiicUeai viz., halves, qUArtort», eiglithfi bixteeiitlitt, thirty secoutLi aud sixty fourtlM : 
vorkmeo do nofc aemi to undersluid deoiiaaU* »o U is b«U6r nofc to uso tlMin. 
Avoid aIm tho nM of the devolopmeut method, m it u b^ond the eomprehenuon of 

Wpjiteary workmen. The Icngthn of aU imin memben khonld be UMasured on file 
dnwiug then dicclcoil by cnIcnliitiot>. 

When tints are plactul in i\ contineil position, for iiistimco pin imfn in jayv«, cnrc 
should be takeu that there be aiuple room for them to tiuu lu, a.s it ii very awkward 
and aometimec iinpoeeibte to se(«ir np a unt, which ia atatiMiary, by turniug the 
pin; ante ia eonined poaitiona may be tnrtiod by hamnieriog them eeeentrieally. 

Be careful to design no connection in yuch a mannor thut there vrill be rivett 
tint cdunot be driven without iaoouveoieooe. This remark is espeotally iq^plieablo 
to field ri vetting. 

It must be home in mind that, no matter how earefully the bill of iron waa 
prep a red, there will be mauy minor diaogea found neeasaary in making the working 
drawings ; bnt, aa a rul^ auch ehangea do not matet tally aibet the total weight of 
iron in the bridge* 
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The full' iv.Iir: J taken /rom (".iriir..^-;,.-,, r,>i-kri r'.,.[:;|'.vi>ir.n " i:^^! be found 
very usoi til m; niiil^n;'^' woridng ll(')l^villg^l, &s Wfll :i> m pi-«.'t>iiijii_; oi nrin. 

UPSET SCBJBW ENDS FOR BOUND & SQUABB BABS. 
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STANDARD SCREW THREADS, NUTS 
AND BOLT HEADS. 

BMomnended by tho Franklin Institute. 



SCREW THEEADS. 




_ - *.rtokatTVMil 

BotMn— 1 of pitek 



Oia.of 
Soraw. 



I 

h 

\ 
i 



Dia. at Boot 
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li 
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9 
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4.480 
4-7 JO 



ao 
18 
t6 

>4 

IJ 
II 
1 1 

10 

9 
S 

7 
7 
6 

6 
5i 
S 
5 

4i 
4i 

4 

4 

5 J 

w 

5 

> 

s 

9« 



ore dotfruiincd by the fdOowlqg ralob 
which Bpi>lj to Square and Besagott 
Natebotlit 

Short (liiimeter of rough not 

- IJxdia. of bolt +Jin. 
Short diauH:t«r of finished nut 

-lixdlA. fllbott-fMeiii. 
Thickness of r m-h nut. 

—diameter of bolt. 
ThtekiMM of iaidied nut 

<liam0t«r of bolt— 1-IG in. 
Uhort diameter cf roagh head 

Ux'lialorbolt+lin. 
Short dia. of fini^^hod bead 

- llxdiii. (if 1>ylt--l-lii in. 
Thickness of rough heml 

sriaiiartdia.affkwd. 
Thickness of fini-ihiMl lu-ail 
i-.dia. of bolt— 1-16 in. 
TbefaagdlBnielerer •ben^DB nat 

uiay 1)0 olitainol liy multiplying the 
short diameter bj 1.155, and the long 
dinaeter of a eqnaM not by multiply- 
ing the short diameter \^ 1.4 U. 
The above standardB for screw tljr>' uU, 
nuts and bdt heads, were rccotn- 
aundfld by «w AnmUin iBrtitnte ia 
Dec. IH04. The sUndwl for scrtw 
threads has i>een very geaeraUy adopt- 
ed in tin United SttttM. bat 
tionK rocomuionJi^ii for nut/, anil IkiIi 
heads have not found geoeral acc«pt> 
aaeebeeaoee of tbeodd ebweof bai<— 
not usually mllri It j tbo tniHe TTifUltii 
ed to make the nut 



Lcnj,'th.[ \ in. 

In. I N.i, 
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4 1.5 

5 
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ij8o 
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WBOUG-HT SFCERS. 

NntnhfT tn a kea: of 150 lbs. 
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SIZES AND WEIGHTS OP HOT PRESSED 
SQUARE NUTS. 



TlNTilnilM ttailsaiil manafnctarcrg', not the Franklin Institute Standard. Both 
weights and sites arc fur the unfinished Nut. The wei);ht« are oaloalate<l one cubic 

foot weiKhinff -iSit lbs. 
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1 

4 


'•5 


ft 


i 




.71 


6800 


A 




* 






.83 


J480 


ti 


4-9 




i 


f 


1.06 


5050 




7.7 


{} 


ft 


i 


I.J4 


H90 


1 


8.6 




i 


r 


1.54 


1 170 


a 


11.3 


ft 


1 




1.41 


850 


X 
H 


l6 7 


1 
1 


A 


1 1 


f £ Q 


600 


& 


17-7 


'\ 


II 


1 i 


«.59 


570 




3 2.8 




i 


1 i 


«.77 


440 


* 




n 


4 


1 1 


f n J 

••94 


3 to 


i 




U 


J 


I *; 


a.ii 




i 


$>• 


H 


i 


1 1 


5.}0 


190 


i 


6J. 


if 


1 


• i 


2"47 


•59 


J 


68. 


i 


I 


< J 


5-47 


146 


I 


94- 




I 


-> 


5.8J 


ic6 


1 k 


lOJ. 




t k. 




5.85 


97 


1 A 


n7. 


il 






5.18 


75 


I i 


US. 








3.18 


69 




|86. 




il 


M 


J-54 


54 




547. 


>A 






J.89 


41 


' » 


>"9. 


tft 


I 1 


i 


4 '4 


Vi 




4CO. 


1,'.. 


' li 




4.60 


54.8 


1 J 


530, 


>A 


■ '1 


a 


4-95 


19.9 




610. 




• i 




5-io 


16.3 




7J0. 




1 


4 


5.66 


«}4 


it 


780. 






4 


5.66 


11.8 




9 JO. 






4^ 


6.01 


10.7 




96?. 




5} 


4* 


6.01 


10.4 




1 1 ij. 


5* 




4i 


6.J6 


8.9 


»J 


IJ7^. 




li 


4l 


6. 75 


7-} 


J 


1613. 




'J 


i; 


7.07 


6.1 


ii 




lit 


; J 


u 


7.78 


4-7 




2750. 




; i 


6 


8.49 


J.6 



I 

- 1 




Din 



SlZIiS AND WillGHTR OF HOT il^BSSSED 
HEXAGON NUTS. 



Th* dflW IM tlM xaatd iaaniifiicturor<i', n^t tiio Franklin Institntu }jtan<Lirvl. 1) ith 
weights and si 203 are for tha Qiifti|i$bed Nat The woishU ata oiUculatcd, oac cnbio 
foot weighing 4^0 lbs. 
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DECIMAIiS OF AN INCH FOR EACH. .\%h. 
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The following oxti'ftct on " Worksliop Drawings " frora the Amrrican Engineer 
of Nov. 7th iUo a)iil 21:?t 1A84, though perhaps uot iu exact accordanoe with Uio provi> 
01U pari of tliis chaptoi-, ootntuni so many lusfol hints (hat i( haa bean Mnadered 
AdTisaUe to in««rt it. 

" Tlie following article is by Airrod D. Ottewoll, who can speak iriiii ftathoiify 
firam a life Inn;^ experience in the best f^hops of Europe ami America: 

AVhiie eiich ilranghtsinuii lias liis uwn mctho.l, and each firm ita own ru1ow, it is 
believed tliut tlie fuiluwiiig proeos» uf preparing working drawings, haying giveu the 
gonera] deaiga and (lim«naioua of tbo article to be naunfactared, may eontain pmnia 
mnriiby of the consideration and adoption of both ; being the reanlt of an extenaiTe 
praetiee and detailed obeemtion. 
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PROCESS- 

I. Drftw largo soulo details of general coMiioclioii'? wh^io the scparnfe 

pieces arc joiueil together. These details are tuiule cliiaily for oiMce nso, titougli 
parte of them may be traeed for the shops. Ti:eii' principal asc in to enable the 
dwHigbtoiaaa to draw out caeh part separatoly fut the ahops. TImm detaila need 
not be inked in or traced, except for purposes aittod in III, ae the anbaeqiieni dc«v> 
ings are ooniplete in themselves for workshop use or reference. 

TI. Drnw eacli meiubcr separately in pencil liy tlie previnn*! tlotails nnnlo. Tf 
the dr&ughti>iuau tiuctj^i hit; own drawing the dimension need not bo put on this pon- 
eil drawing, except gntding duneneione for referenee. II ie easier and mycs time ia 
pat the dimeneioBi direeUj on Qie init troeing, ainee the trainng ia more readalde 
than the peneil drawing; whilst it aleo eaves the time neeessaiy to traM the dimen- 
sionj*. 

III. Trace pencil drawing spoken of in 11 on tracing olotli. If anj parts of the 
detuls in dzawing mentbned in. X are naaessaty to explam any part ol the mamiberB 
thowB OB this drawing it is traeed in joztapositioit with those m«nbers. By this 
means aQ the details of one mnubei are shown together; if possibly on ona draiwiogt 
thereby prov -nting confusion of wockmon, inqpaelocs, draoghtsmeni and emjmw 
connected with iiic work. 

The process adopted by the author of making tliis tracing is as follows : 

i. Treeing in eirdes or parte olclreles. 

iL tt II lines showing straight parte of members. 

iii. „ „ freohaml cm-res of aemhers. 

iv. „ ,, ccukc hues. 

V. Patting in dimension lines. 
.tL Marldng off dimsiiwom peinta or awtow heads, 
vii. Writing dimennoaa. 
Tiii« Baolioning pans ^wn in section, 
ix- Giving a separate mark to each piece. 

X. Putting ou bill of material shown on drawing, 
li. Writing title, indoding name of job and order number. 
xiL Knteriiig drawing hi " Drawing Book ** and pattmg nnmber Mi dvawiag* 
Signature of draughtsman and date. 

i Preccccls ii, since it in easier to traco two atraight linsa to fanmb ft dMle thaa ll 
is to trace a circle to touch two straight lines, 
iii. Succeeds i and ii for a similar reason. 

ir. Is in the position sbowii to acliaet Ibr any ineqoafitiea in iraauig;iiieh as 
tHtdng a eucele alight] j ontof omtre on drawing. 

vi. Precoeds vii. since it facilitates dispatch, as the questions " What dimensions 
will best suit the requirements of the workman ? " aiul " What size those dimensions 
octuaUy are? " are considered separately instead of alternately, as is generally the case* 
liiL Soeceeda vii, as it often happens that seottoning and dimensiflm* dionld cover 
the same groond, in n^iieh ease the Itamieroanbe Idl out, thereby maUng tiie 
dim ena io tt nroch more readable* 
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Tho bill of material x, gives the niirnbor and siTiotn or.^er, of articles rcquirodto 
bo {oraiiiliccl to laatisfy that druwing, aud is made as ioUowis, for example ; 

MATEKIAL FOR TWO CBAN£S. 



No. 
a 


DESCRIPTION. 


LENGTH. 


HARK. 






A A. 


6 








A H. 


4 








AC. 


11 








AO. 


1 6 








AE. 


4 








AF. 



The marks AA, AB, etc., arc ahown ou tUo detaib to which they refer, 
ix la adopted to give etwh pieee a mark to diatiiigiiish it readily from other 
articles, aud also to aseiBt tlie fomiatiou of x, as the bill x is a better atirangemnit 

than the oUl plan of marlciug off ou each piece tho number required, as it bIiows the 
workman readily all that is ou the drawing for Lim to make, aud onables him to see 
at ouco when he in through with the work showu on the drawing. 

The titfe, xi, should be in the ume relative jioaitiott on all drawings ; preferably 
the bottom right hand eomer fiieing the drawing, ae this ie tiie most eonvenient for 
reference when filed away in drawers or rolls. Whether the tittle should or should 
not give the name of the firm or work for which it ia for is an open qnestion. Tlics 
advocates for tho affirmative say it is easier to remember a name, because move 
interesting, than an order uumbor ; whikt the advocates for tho ui^ative say snch 
information mahes the work too pnblio in many eaeee. ^ 

xii, The signature, preferably initiala, el the draughtsman should be given on 
tlie drawiiif^ to fiiciUtatc reforonce to hira should any question arise. 

After tho tracing has been signed by the dvant^'lifsni in lot it be, 

IV. Examined or checked by another dranghtsmau. lu tliis examination 
every dimension and note on the tnwhig is to be examined ; and all the neeesmry 
dunensions and information for the workman shown to be on the tracing ; and the 
fact ascertained that no two parts of the work will fbul with each other. 

When the examiner bt>« sntisfied himself on these points, liis signature on the 
tracing is required lu attest the fact, which sig;uature is a guarantee to the foreman 
that the tracing is ready to work to. 

Sometimes the traeing is made and examined by one and (he same draughts- 
man. This is a quicker plan than the former, as the draughtsman is more familiar 
with the work on his own drawing, but it is not as safe, as the draughtsman is liable 
to make tiie ^amc mistake twice over. 

After tho tracing has been signed by the examiner lot a 

T. Blue pf ittt be taken from the traeing and sent iuto the shops to the foreman 
engaged on the work, or to the "work's manoger,*' as the ease may require. The 
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name of bluo priut sbonld be ent«reU lu u book wiUi the iiuuio uf foreman scut to. 
and ihti tlate on wlucU it is scot. These paiiicularo are useful to refer to, in case of 
an iuvestigfttion Iraing mad« into any delay in the proeeeclnro of tiia work. 

If the bitte print is taken <Uceetly from the drawing uiado ou thin, semi traua- 
pareut drawing paper for the luu-poso, the reader witi readily see the slight modifica* 
tiouB to bo made to tlio prpcocflii)*,' rcinftrks." 

The foregoing process luny appear nt tiibt ^ight a lengthy one, but as it Las 
been formed with the primary objects of securing great acetirooy and dispatch in 
mannfactore, it is beliered that slight excess, if any, in eosi of drawings made by 
this plan is donbly repaid by the saving in cost of miinufactttrOi Il'f however, two 
drawings giving llic same inform ttion an;l of cijiiiil elViciency are produced, one 
made by the above process and one made by any other process, it js beheved the 
former will bo made iu less time, and with leas labor, than the latter. The principle 
of doing one thing at a time is adopted tbroughoat* and tiie practice sometimes 
adopted of finishing and tracing one part of a dr.iwiug before another part is com- 
menced is, in tliis light, obviously wrcmg, nnleas th^re are especial reasons for doing 
10. 

I 

IL^ftULES TO BE OBSSRVBD IN THEI& FBSPAB4TI0II. 

L Fat as little as possible on drawings, to prevent ooafnston, but everything 
neoeseaiy for the constraction of the articles represented. 

Unnecessary details, full or dotted linos, circles, shading, dimensions, notes, 
etc., involve a waste of timo iov both draiiglitraan and workman, besides making the 
drawing confusing or more uurtailablc. Kvprythinp: on the drawing should have 
a definite right to be tliero, so that if dimensiouse tc, are repeated, it should be to 
facilitate the workman iu understanding the drawing or in avoiduig a liability to 
misunderstand. Often draughtsmen, either from want of thought or because it is 
easy and ph usatit occupation, draw in detail, rivets, bolts, etc., where centre lines 
would ilo ciiually n-? well. If the (lr;nviiif;;s were to be pictures intended to i)C uiiilcr- 
Btood by the uufcraincd luiud, such details would be necessary, but such is not the 
ease; workmg drawmgs are made up of a series of symbols which are understood to 
repreeMit certain articles, materials or methods, and a workman will often under- 
stand a centre line, with given dimensions, to represent a rivet or bolt where details 
would tend to make the clrftwin? confnsinf^. 

II. make dimeusious to suit the workman's requirements iu prefereuoo to 
your own. 

The draughtsman should, to carry out this rule, mentally go through the pro> 

eOM of making the article represented on the drawing just as the workman will 
make it. It wastes -i. ui's ilmo to require him to add and subtract a nnmliep 

*8inlipBpflrosa1ieobts2iMilhbaiCliarIei Sdileicher end SdiliU* Dllran, Bhenldi Fnvaia. 
ItisnuodMvedTBSjSndoaniflsianlls SSyds.lMig,bya8to40ind^ Frieepw roll 

85 stuUiaga, 

BjitoOM OMuUcaritbk tiiae will Usavad is making blueprints. 

' ' J. A. Ila.VTi < 
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of uuueccssary cUmenHious to liud au evseutial one, bosides making liiin liable to err. 
Tlia drftngbtoman can more eaaSyflnd meh ft dimiiisioii ]iimsdf» And whwi ohm 
wriitap on tlie drawing it i« there for ell tlie irorkmen requiring it. 

III. Ueke M low notes a« possible on • drawing; pat dimensione or symbols 
instead. 

Sucli notes five ensily miasod and arc s. liloin l eu'l. TIjey bo!on<? more to speci- 
ficalious than to diuwinL'^, aii'l wliero instruction has to bo given ou drawings it 
can gcueraltj be giveu lu a more readable furm by symbols that catch tite eye than 
by writing. 

By symboUi " in this e«so is meant the nsnol marks adopted by different firms 

to indicate drilled holes, tipped holes, oonnterstuik holes, holes left open, parts 
machined, steel, brass, clc. Such symbols are seen iit ft glnnce whilst a note re- 
quires more or less stndy, ia more verbose and is more easily missed by the workman. 

IT. Put all details and information required to make eaoh artiole on one and 
the same drawing. 

To fpv9 one detail of an article on one drawing, another on another, and ho on, 
rcqntros the workman making that ni ti' Ic to nionoimlizL' tliorfe drawings and pre- 
vents other worlnnen frnjn using llieni foi other parts of the work. The article 
itself ia made under greater difhculties, as it confuses the workman if he is required 
to Tgkk ont the details from sereral drawings and from among other details. 
• Y. Put all dimensions for eaoh artiole as near together as convenient. 

It wastes a workman's tiuui to re<iuire him (o hnnt for Uil- dimen<5ions of the 
piece he is making in tlic different pnrts of the same tkawing. Tlius if a web plate 
of a girder, say, be shown on the drawing tliC size may bo given b' 6" x |" x T S" 
say, instead of showing the width in one place, thkkness in another* «ad length ia 
another. 

VI. Hake thick lines and thick pUm Uoek fignres. These ace move easily 

seen and read by tbo workman in the shops. The bine prints from sncb frHoint^^j 
arc more uniform and distinct. Such lines and figures are not so soou obliterated 
or soiled by the dirt of the shops. The figures should be plain ; the object being to 
make tlram easily readabk^ more nesfiil tlian ornamental. Ornamental llgmcee and 
lettering should be reserved for designs, estimates, ete. 

VII. Give inspector's dimensions. 

These are generally main dimensions. In examining tlio work, and in the work 
when in place, the intermediate dimeusious aro not of much importance. ITor ex- 
ample, the dimensimu used by an inspector eiamining the eolnmns for a bnildins 
are, say, ffistanoe from underside of bearing plate to bearing snrfaee for shoe of 
rafter or principal ; distance from underf>ide of bearing plate to centre line of holes 
for connecting floor beuras fo colnmna. The former dimension, being amain dimon" 
sion, would generally be ;^ivcn as required, but the liiltcr is often to be obtained only 
by additions and subtractiouu, trying to the patience of inspectors or examiners iu 
indement weather. 

VIII. Instead of the term *' fight band," ahmm," and inaioad of *• left 
hand," use opposite hand." 
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The tertiiB " ri'jrli* Ii ui 1," "loft haul' arc aiubiguous, binca llioy do not say 
wbich :u: tlrawu and s.^ w Iiidi ,)ppo<^i((' li 'n.1. For (>\ ani'>l'% iftln'rc arc twelve articles 
roqau'cil Tor a givcu (kiail, utnu of t' em to be ii'^hi imnn and the rcuiaiuiiig tliree 
kfihand, the order is ninbigaons since itdoee not «ay wlietker tke draviug reprMeitts 
• right hind artiole or a loft hand artiele. If tke order is nine required m siiown, . 
tsd three required opposite hand no sudi Ambiguity cxiMtx. 

IX. T.ot tlio draviugs of cast-iron work bo separate from tlie drawings of 
wrought iron work. 

The pattern-maker should hnvc no nac lor the wrouglit iron work, nof sboiild 
tbe template makor or smith be reqnired to liimt bis vork out of a mass of cast 
iron work. 

X. Use rounded oomers in eastinga vihan good, strong* durable costings are 

required. 

Such rounded corners add strength, aiucc the coutruclion on cotdiug in more 
even. They seoura bettor eastings since the sand of the corners in the mould is 
not ao liable to be washed away into any parts of the mating ; they secure also more 

durable casliugs since the corners are not so liable lo be laiocked ofifby mc. Of 
conrre (he ii;Utt ins with rounded coriifr« for rough odd ca.stings miiy bo too cx- 
l>easivc, uulcss the above advantagcn are more importiiiit tliau Uie cost. 
XL Pu4 no scale on the drawiugs. 

The workman is m no ease to scale the drawing, except certain full sise detaibi, 

but should work to dilUt'n^^ions given. Scaling a di iv.ingis obviously wrong If the 
draught^ma!! ha'i made the drawing to scale throughout, which is not always the 
case, tlx p Uteru maker, titter and eniilh wil! oftr-ii n»i «c:i]in?7 diracn><ions give dif- 
ferent icbults, thus making it difficult to tit tiic ditiercnt jiarls of the work together. 
If a required dimension is not giren the .draughtsman should be requested to give it. 
' Putting a seale on a drawing is therefore worse than useless, since it tern, ts the 
workman to use it wh«ro dimensions have been aceidontally omitted. 

XII. Accuracy and compktenoss in execution arc more vnlnnMe ihnu dispatch. 

This might almost be considered an axiom, but if ba.scd upon detiuite reasons it 
will have a firmer hold upou the miud of the diaughtsman. An error on a drawing 
becomes more costly to make the longer the correction is delayed. Take the follow- 
iog example: Ou the drawing'of a cast>irou steam engine cyhn<hr the inside dia* 
meter is given 1' 8", hnt on the drawing of the piston the diameter is given IH''. 
Jl'nr the mistake occurred is apart from tlie m Lruiuenl, since mistakes do occur lor 
whicli uo reason cau be given. If tlic draughtsman sees tho mistake as soou us made 
it will only cost a few moments of his thne to oofrect it. If the examiner detect it, 
it will ooflt somewhat more. If the workman or foreman should happen to detect it 
before oonstnicting the piston a little more expense is iucmred in eorreotinglhe mis- 
take; aud if the piston und rin^? are cast, on dch cti' runeh nioro oxponso is incur- 
red , whilst if (lie piston is nnu hined coin]il( t i', reaily u>r litiing, much more expense 
ia incurred iu corrcctiuu. The argument is that tlie draughtsman should wotk with 
care, and not that he should go over iho same ground twice, as it is the examiners 
duty to tbtift olicck tho drawing ; lor it ia obviously a waste of time lov the examiner 
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to examine work tlint has been previously examinML 
XIII. Make as few yariations as possible. 

la repeUtion there is economy. If two castings can be made from one nev 
pAtl«ni tl^y will €0«k l«a Htm if they require » new pattern nMdt for of than. 
. Again, if the l«ro oaatingi are aUgklly diiiBrent from one another, the patkera oaa 

prol)itMy !}(< inndo to suit both with a slight alteration, in which case the two castings 
will cost less than if flioy ai*e (Icsliyncil so tlifit they will require two wliule new 
patterns. A saving is otfected if the two castings can be designed ahke without 
incouveuieucc, instead of opposite hand to each other, as, even if each does nofe 
require a eeparale pattern, tbe time taicen hj tke moalder in taldng tiie pattern fee 
alteration to the pattern maker, and the time taken by the pattern maker in alteinig 
the pattern is entirely lost. Very often cusfings can be designed by the careful 
dr;utr;1it.qman to be ca«:t from one pattern slightly modified to suit each case, and by 
this means nnuccesi^iiry expense saved. 

Bifele of eqiial pitob eoel leee to uatk off <m tonqriato then if of nnaqnal pitslit 
■inoe the lajer<-(Xflr has to set his diiidm onoe in flw fonner eaie, and a nmiiMr «f 
times in the latter. Adopfin^r tbo same sized rivet or bdt tbronghont a structure is 
often cheaper than varyiii.,' thf size to suit theoretical re<inirement<«, ns the additional 
labor in clianging^ pimcho.-*, drills-, corep, etc., tlso additional handhng and habiiity to 
err, iu the iutter case arc luorc costly tlian the waste of material in the fcnrmer. This 
« prineiple of the eeoaoipy in repetition is of the grea^ unportanee eaiii oaimo* be too 



widely studied.' 
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CHAPTER XX. 

APPROXIMATE METHOD OF DESIGKINa A SINGLE 

TRACK BRIDGE. 

For some time the anthor hM dobatod tlic expediency of writing iliis ohajUcr, 
fearing that it is poor policy to enoourtigd tlie use of role of thamb methods, bat has 
finillf ooMloded fluit il« ftdtsutagM will exeeed its diMdvaatagw; for not only wOl 
it enable an ordinary draughtsman, who has not studied the theory of bridge de- 
signing, to design any single track iron railrorid bridge witli sufficient exactness for 
ail pracfirnl purposes, but it will also serve as a check in many >vaya upou desigas 
prepared by the more aooorate method which this treatise explains. 

ISm ftppnniinalo motliod U hntAj w foUovs to proportioii tlia main imiii> , 
bm of tmuM hy nang ilia diagxama on Plateo XIV* to XTiTf. inoliiriTO, fhoio of 
the lateral systems by Table XTTT. those of the floor tftbm by Tables XI. and XII, 
and all details by the rules and tables for same wluoll aro pvm ill this ohspter fW 
in Tables VU. and XX. to XXIU. inclusive. 

If the length of spui be exactly divisible by ten, the sizes of aU the main mem* 
' ban oaa 1m obtained ezaetlj or forj nsady saDaetiy from flie plates and tables; btil» 
if not, the sizes of tbemaiBmeittbersof trossee and bUcml systems may be either taken 
directly from the next greater span or maybe interpolated from the plates : if the 
panel lons^th in feet bo not a whole number, the si/.cs of the members of the floor 
system mu^it be taken e^ual to those f jr tiio next greater panel length given in the 
laUsa* Care most ba eawrdaad in iuterpolutiug sizes especially when ths nunbers 
of panils in Uia two qnnaneaNsttbe one oonsideced are different. After deeding 
npon the nnmber of panels, the bridge should ba dwBgn<Ml nsing as a guide the span 
having the same nnraber of panels. The following points should be borne in mind 
when interpolating — iucreatiiug tiie puuel length tends to increase the sizes of the 
seetiooa of tbe top chords, main diagonals counters, batter braces and lateral rods, 
and inereadng tba depth of trnss tends (o diminish the seotions of tlie top and bottoni 
ehords, main diagonals and coontsfs, but to inorsaae those <tf ths poets;— deoreasing 
these dimensions produces, of course, the coutraiy effect. 

As for details, let n<5 take Chapter III. and follow down the list tli<-ro ^^iven 
making rules for the appi-ux.iuiute proporliouiug of each member theruiu ntiiued. 

The siaes of stay plates for all oases are g^ven in Tablos XX,I[. and XXIII<» 
and the method of uing these tables is folly explained theroin. 



Digitized by Google 



— 204 — 



Tlifi next gronp incliules the connecting plates ni the hips and iutermeilialo 
panel points. The widtlis of tlie inner plates are, of course, equal to tlio depths of 
tlie olumueUi which Ihoy eouncct, aud those of the outer ones as great as wiil permit 
Of their lying between (In heads of the riveta which ptiM through the flanges: m 
CABO of neoesnty some of these heads might he eoantonmnk so aa to permit «{ Agrealer 
depth of outer connecting plate. 

Tlio limiting thickno^^os and lengths of those phf«^^ are given in the followuig 
table, which 1ms hiy^n p: i^p:u cd un;lor the asHuraption that Caruegio's sectioas are 
employed and that the rivets are spaced as closely as good practice will permit. 

When applied to the hip eonneetion» the lengths of these plates are eqwd to ilie 
snm of the distaaoe from the centre of tiie pinhole to the end of the plate on the cliord, 
and that from the same point to the end of the plate on the batter brace. It must 
|je nnderstood that vory lio.ivy s!i ilhnv diiinnol'* nro not used» bat that the most 
economic size for the wiiolu tniss is in c\ery case oiujiloyed. 



Depth of C 


Weiglit of C 


lluckncss of Pkto 


Total Length of Plate 




t^:" to i;' 


I 


5 J" to 44" 




14.5' to ai" 


I' to A" 


ja" to 46" 




i6» to s6« 


t" to 


J4* to 48* 


r 


to 


r u. I" 


to ^6' 




^i/' to 


V* " to 1' 


47 ' to 



The next on the list are the reiuforeing and connecting plates at the pin holes 

in bottom chord struts. The former mny always be made thick and lliree or font 
inches dcepei' rtt the middle than the strut fhani]«l^. Their lcn;^th should be about 
three feet. Where a joint occurs in the b'^ftoin ciioi d strut, the IhicknoMH of onch 
connecting plato should bo 4", and the deptii at llie middle ftom four to six inches 
greater than that of tlie ehannel» the increase heiog direct ly proportional to the depth 
of the channel. A length of fonr feet will be generally about right* 

Next on the list coiuo the reinforcing «>r connecting plates nt the nhoes. 

The thickness for tlicse nuy be takon i',t' for eiglit and nine inch fhnn- 
\H'\'*, i'' for ten and twelro inches chauucis, and t" for fifteen inch ehauuels. Tho 
lieight of eadi Tcrtioal portion may be taken equal to twice the depth of the battor 
brace channels, and tlie length of the horisontal portion abont the same or little 
more. 

Noxt come 1 1 iiifrMcijjg pbiles at tho fc 1 of" tlio posts. If th*' dtannels be light, 
not greater in depth tliaii twelve incho-, and with flanges nnti iimn ■ 1, a tiiickness 
of 2" will be suflicicnt for each inner and outer plato. For heavy sections of any 
depth, for aU fifteen inch diaunels, and for channels with their flanges trimmed 
away it will be well to increase the thickness to half an inch. The width ilie 
outer plate should bo made as groat as will fit into the channels, and for small chan- 
* ncls it is i,v,.ll to make the liorizotital portions of tli -,r- ' l Ues wider than the vcrticnl 
]>orti(>ns, so as to givo room for attaching to the floor beam. The width of the iuucr 
phttes slioold be at least as great as the depth of the post channela. If the latter be 
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BBnll, fhttlioriiftnUl partof lh« ' ftv formed by the imuw ninfoniiiiir' plates xobj be 
made ft3 wide na tbe vpper flange of the floor beam. Both outer «iid inner plates 

ehonld bo loug enough (o extend nearly to the nppev edges of the stayidatCB. 

Next come the reinforcmg plates at the mid(1!«^ of posts. Thp-c ar<^ placed pre- 
ferably ou the msUXe of Uie posts, but may be put on the outside if there bo auy 
Hpecial reaaon for ao doing. When on the inside the fhiekneas ehonld be equal to 
ibai of the web of the ehaanelt bat uoTer less than The width should be equal 
to the depth of the post chaonel. 

I>' placed upon tho oulsido of the post, the thickness mIiomUI be hicroftspd »" to 
allow for the necossuiily dimiiiishod widtli. Tiie length nhould bo about twice the 
depth of the chauucls, but should in all cases bo great enough to extend two or three 
uehea witiiin the stay plates. 

Kesieometht' bout ( omiecting plates for intermediale etrntetoposUL These may 
be made of x i" in.n about thirty inclios loDi?. 

Tho counectiug pl;itos for brackets to lower portal strulK, and for name platen 
to Qpper portal sti'uts may be made of the length and thickness used iu Chapter 
XVm: ibe width, of ooarse, will depend vpoa the dislanoe apart of the portal 
ifamts ehannela. 

The dimensions of the plates on tho side braces and for connecting the side 
braces to tho floor beams may eifljf r le scaled from Plate IX., which is drawn to a 
scale of one twelfth, or may bo loft to tlio judgement of tho draughtsmau. The bent 
plate at the appo; end of the tdde brace should be at least I'' thick. 

The tfaieknees of a eonneoting phtte for tradk stringers over a floor beanHf when 
ttie former abnt against the hitter, need bo no greater thivu r > and the same thiek' 
ne?i5 •will serve for the connecting plnlcH for slriii^,'crs la floor beams. Octagonal 
jihUt's botwecii stringers and beams, used when the former rest op on the latter, 
ahuuid h& I" thick. 

The odier dimensions for connseting mu^MM between strmgers and beams 
ean be sealed from the i^afsa. 

Cover plates should have a tbiekneas equal to that of the platee, the jointe of 
which they covci-, and they shotild be a few inehos longer thou their width. 
The dimensions of tilling pl&tes need uo comment. 

The seetbnal area of an estenndn plate should be twiee aa great as that of the 
channel to whieh it is atiaehed, and its width should be eqoal to that of the ehaims]* 

It is eemposcd of two oqnal or nearly equal thickness, one of which should extend 
three or fo;u Iik-Iu s hdnw the upper edge of the stay plate, and the other at most a 
foot farther than the iirst. 

The thickness of outer jaw plates for lateral sti-uls having uu vertical pius 
sbonld be |", the width at least eqoal to tiiai of tin bhaanels and the length from 
three to three and a lialf feet. The inner jaw plate is neeesearily shorter but UBually 
of the samo width: the thickness may be taken as >/'. 

For lateral Ktrnf-? with vertical pins ptissing through the jaw platf ?«. the thick- 
ness of the latter will luive to be from |" to |" and the width at the pin hole from 
7" te 9". the length required will ba from four to four and a half fiset. 
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For portal strata tbe jaw plates will have to be Arom \" to i" thick and from 
three to four feet long. If there be no nortal vibration rodx, the width of plate m&y 
be nude equal to the depth of the portiu strut channels, otlierwide it shonld be about 
four inehes greater. 

The thickness for any shoo or rollor plate Is "Wr-n In Chapter VT, TIio wulth 
of shoo plate shonld be abont fonr inches greater than tiiat of the batter braco plate, 
and the iMigfh three indiM or move longer than twiee the depth of the batter Dreee 
channcl!>. 

The width of a roller plate should be about six inches greater than that of the 
•hoe ptate» and its length ei^t or nine mohee greater than the length of the sanie. 

Traek stringer and plate girder bed plates should be about |" thick and 14*' 

eqnarc. 

Beam hanger plates should be about li" tliick and large enough to provide 
IhU beanng for the hanger nuts. 

The siiee for kftioing and laoing bars for all oases are givMi in Tables XX. and 



XXI 

Trusttiug bars should vary in section fioia |" x 8" to j " x 8 J". 
The sins for ail trass pins ean be interpolated fnm the diagrams of stresses* 
and those tot veriioal pine attaohing wifU lateral roda to jaws ean be tatnn liom the 

'oUowiijf' table. 



SIZE OV BOD OS BAB 


DIAMJ&TEB OV 
lEON FXH 


Buund 


Sqoiue 


Hi- 




1* 


ll'' 


1»" 




Itt" 


Itt" 


3*" 




«r 




* 1« 


HI* 






If 


ii* 


«** 


i«" 


ir 


ej« 


a" 




«*• 




J** 


«!• • 


si- 





hrteral; 



>pin 



When double lateral rods are oiuplnyed, the sizes of vertical pins through tho 
jaws can be obtained from the following t^ible. The bending moments are so great 
that it will generally be found neesssary to employ steel pins. 



SIZK OF liOD Oli BAK 



Round 
a" 



Sqaare 
li" 



DU. Of 
STBKLFIN 

ii" 
>i' 
ji" 
jr 

^ 



DIA. OF 
IBOF PIN 

jr 

4" 

41' 

4l' 
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Bf dwAjB pladng the hMnrto lods neil ilw tkut, ilie dtometaMr of IEm mailer 
rods luay b« etuplojwd in delarminiiig ihe sizo of piu. Thi» table ia iiofc to 1i« lued 

- fur the pins passiug tbrougb tho enA lower lateral struts, because the rnnrnents thereon 
are loss on nccoaut of the Fnnaller lever nrms. For such pins tlie diameters mm be 
takea from tUe foUowiug table, iron pias beiug here applicable. 



SIZE OF KUD OR BAR 


DIAMETER OF 
IRON PIN 


Bonnd 


Square 






r 


ir 


ir 


. i" 




Hi" 


iir 


%" 


If" 


H" 






ik" 


»r 


«r 


iV 






ii" 




«• 


}#* 


«*• 


•A* 


jr 









The sises of portal pius can be taken from the following table. 



SIZE OF PORTAL RODS OR BAKd 


DIAMETER OF 

iBON Pre 


Round 


SqoitM 




«r 


•I* 


lA* 


lA* 




ir 


»r 






iT^" 


•I* 




• A" 


»|» 


»«* 


>1 


«!• 




If," 


«*• 


in* 


jA" 


r 


«r 


ir 


J* 




i«* 


31* 




•r 




»*• 


«r 


jr 


«r 


ir 


$r 


»*• 


iH* 






a* 


$r 


ft*' 




A" 









The diameters of intermediate vibration roil wlaii such are used, will 
rary from 2" for 1^' roih to 2;;" for J^" rods. When bolts arc mcd for this 
connection, their diameter!* may vary from 14" to 2". The uhva ol ail oditr bolts 
■M given ux Chapter YI. 
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Bnokete for connecting intermediate ntnitd to posts or lower pofdil sirtltii to 
Ijtittor brncc? may be mudv uf 2!" >' 21" — 1.9* angle iron: llio.sc for poiinccting 
upper latv'iiil struts lo posts may v u v ficm tiio sanio Bir.o for >*hort pjuiels and low 
trusses to Uiat of Q^" x Q^" — 8.^'' angle uluus for long paubls and deep IriUidcs. 
Thoae for eonnectiug portal •trntu to batter bnwwe vli«n there are no portal vibra- 
tion rods m»y vary from 8« x 8" — angtea for TO* span to x 5* — ^82* anglee 
for 150' or 160' spans. The larger tbeso brackets the greater the number of rivets 
necessary for their attachment, aiul tlie grcalor the diameter of Uie rivets. In pro- 
portiouiug brackets it iu well to err on the side of safety. 

Braob^ f<w eo&neoting track stringers to floor beams may bo made of 8" or 
9* %bt ohannels, and those for eooneetiiig flow beanae to top ebodlB in deek bridges 
Of 6" or 7" light chaunds. 

The sizes of beam hangers arft given in TaLlo VII. 

The diameters of rollers may vary from 2 for ehort spnii?? to IJ foi- long oiie<, 
the spaces between them beiug about an inch and their leuglh nearly et^ual to the 
width of the elioe pUte. 

Bhoe pin sapporttng ^aeoa ehonld be made of heavy I«beam vrilii thiek web. 

Tlie anchor pieces for sides of roller p1at«a ahonld not be made less than I" 
thick, and shonid !?e ns lon^ nn the rollor plates. 

Stringer bracuig frames may be made of 8" x B" — 7.2* angle iron: tlie same size 
may be advantageously cmi)loyed for sUfleuiug angles of track stringm and floor 
beams, thoagh'eomewhat lighter sectiona may often be employed* 

Stringer supporting shelves may be made of 4" x 6" — 10" angle iron. 

Splice plates for wtbs of track stringers should lit- thick, asdeopo^ possible, 
ftud wide enough for four rows of rivets : those for the liauges should have a stic- 
tional area a little greater Ihuu that of tiio danges themselves aud should be long 
epooi^ to ocmtain at least a dozen rivete on eatih aide of the joist. 

The net of the details <m the fist of member* have aithar been so fidly treated 
elsewhere or arc so simple in their constmction that tiwir sises may be readily deter- 
aiued wUhoat any forther applanation. 
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CHAPTER XXI. 



ORDEB BILLS AKD SHIPPING-BILLS. 

When there is ijeoessify for haste in bulldhig a bridge, lime can be saved by 
seudiiig a partial order bill tu t]io mnnufaclurers before starling to moke Uio work- 
ing-drawings, or aftttr they are partially pcuciUod. 

Boeli prBUmiiiftiy order bUb alioui^ indode only ihose portioiM whieh are 
temud in tiiis treatise " Hun Membera," «ad those detaJli of the aiieB of wUeh the 
designer is certain ; for ittfltaaoe, atay platea, (liiu, tnaoketa, and the plates and 
angles for built beams. 

The length of the main members in the biU should be throe- quarters of an inch 
greater than will aetnall; be required, in order to aUoir for tbe dressing of rough 
endsi and, should there be any doubt in the designer's nund concerning the exact 
length of any piece, he should make the ordered length great enongh to oorer any 
Varitttiou which there may bo iji the design. 

Of conrse, where Ihiiro arc bevelled ends on a piece, the extreme length plus 
the allowance for waste must he givcu. 

'Where a nnmber of smaU pieces are to be cut fnun one large piece, an extra 
aOowauee of length most be made to pronde for the waste hicuttbg,say firom an eight^i 
to a quarter of an Inch for each short Icugth. After fiuisliiug the pencilhng fur a work- 
ing-drawing, the remainder of the prcliniinnry order bill may bo made ont and sent. It 
should be divided into the following groups, coutaiuiug the mdasuremeuts indicated : — 



CluiQScU 


No. 


Dcptli 


Weight per foot 


Length 


Fiuiiihed length 




AofllM 1 


No. 


TUokneta 


Legs Weight per fool LMgUi 


FinidMd langth 




I-beams | No. 


Depth 


W'pijjhl per f^l 


Leuglb 


FiniaheU kugth 




PlatM 


No. 


ThifiktueM 


Widtb 


Length 
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Eye Lftrs 


Xo. 


ThioktMM 


Depth 




Lengtb oeatre to 
wntN of gyen 


Kxtrsim length 





roilii with 
plaia eyes 


Xo. 


DiaoMter. 


Short I'n ci'. 


Long Viecf. 


Rod 


Upset 
eud 


tet of 
eye 


Length 
of 
loop 


Lcngtb, 
centre of 
rye to eud 


ter of 
eye 


Length 
of 

loop 


Length, 
oeutre of 
eye to And 



1 




Diaiutter. 


Short Ffwe. 




AiljiwtBblo lo.l^' 


.No. 


Rod 


Upset 
cud 


DUmeter 


Length, oeBtn 

of bMldlOMld 


of CJO 


Lttigtli,aoBtf« 
of bMidlo«iid 







Dismetor. 


4 




PtD« 




Body 


lUdaeeJ 




ExtranM teogth 





BoDers 


t..j 


Length betweoB ahooMan 


BltNlM Itngth 



• An}' details wLich will not go into one or these groups will bo rande of material 
that tlie iu:iniifiic'.nr( r k^cfm in stocfc ; f'>r in<^tanre, fillers, WOshers* nuts, (am 
buckles, Kleeve nuU, ornamental woik, name plntes &c. 

Pius should be oi'dcrcd an eighth of au iuch groator in <liametor than nquired 
in ibe bridge, m tliat Ukuj may be tarned down, and shoe plates and roller plates 
one sixteenth of an ineb thicker so ns to allow for planing. 

S|il[,. R ftro generally ptU'chaHed sepiiraloly fi Mii ^ju ci.il (Iriilors. 

Lnmbci- ii), of course, bought separately ; it bUould be ordered in the following 
form. 



No. FiccM 




DTidth 


Leogth 


Xiod of Wood 













After tlie working drawing is finislied there shonld be prepared (o aoeompanj it 
a final order bill in which are to be groupol all similar pieoes and all (heir detaila 

whic'i ai . iitt.ithed (o them in the 8hop. 

TiiL- f'>ilowing groTipin^' will i-ovcr any cAsc of an ordinary iron railroad bridge 
designed acoordiug to tlio method of this treatise. 
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TOP CllOItl) SECTIONS. 



Ctiuuielf ... ... 

Ik-ains... .„ ,„ .,. 
Au^ofl 

LoiMr-platM 

Covtr-jitates 

8t«gr-plat«t ... ... 

Lftttioft-bttn 

Conuccting-plnti s 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


Deptb 

Depth 

Lega 

Width 

Width 
Wfdth 

Wj.];!. 


Weight per foot 

W« igbt per fool 

Tbicku«4ttf 

Thiekncaa 

TbickueH.s 
Tbkkneaw 
ThiolnirBS 

'I"iiickiiis~ 


Fiuiihed length 

Fiuit»bed lenj-tli 
Finished leugtb 
Fioiabea kngth 

Finished length 
Finiaiaed length 
Finialipd Inigtb 

l iiii-.uoil li-ii^-ili 


T5\TTF.R nnACKS. 


CIhuiiicJb ... ... 

I-ljenlus... .„ ... ... 

AuglM ... „. ... ... 

Lonir platflit 

Cuv«r plAtM (Hip) ... 

SUy p!atc8 

Lattici'-bATB 

Coiiii«OtiBg.plmt«» ... 
8boa>plkt«s 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
Mo. 


ttepth 

Depth 

Lega 

Wi<lth 

Width 

Width 

Width 

Width 

Widtk 


Weight per fool 

W'eigbt per foot 

Tkiokuet«s 

ThiekiMM 

Tliicknesa 

Thickness 

T)iickue«« 

Tbickueaa 

ThiolcoMa 


nnished length 

Finislu-d length 
Finished length 
finished length 

Fiiuslic l loiiKlh 
Finished length 
FiuiKbed length 
Fiuigiic<l It-ngtb 
Fiablifld length 


POSTS. 




Clinundi ... 

Atl{l|l(6 ..• 

Loug-plat«« ... 

SUy-pUtM 

T.attifc-liars 

Kxteutiiou-plaios 

Beiuforcing-plHttM 


No. 
No. 
No. 
No. 
No. 
No. 
No. 


Depth 

Legs 

Width 

Width 
Width 
Width 
Width 


Wcli^ht per foot 

Xhickneas 

Thiekiieac 

Thickoew 

Thickness 
TbiukneMH 
TbickncKS 


Finished length 
Fioiithed length 
Finiihcd length 

FiniNhed Ivugtb 
Fintabe<l length 
Flniifbtd Ifugth 

:n. 


BOTTOM CHOliD STRUTS. 


ChAHUcIa ... .„ ... 
Stay platM ... .„ ... 

Lacing -bars 

Be-eaforciug pUtes ... 
OoonMtiagpliitci ... 


No. 

No. 
No. 

No. 
No. 


Depth 

Width 
Width 
Width 
Depth 


Weight per foot 
ThickucHi* 
Tliiokuess 
VUekueti 
ThieksMS 


Piefehed length 

Finiabod length 
Finished length 
Pinithed length 




1 


DPraiB LATEKAL STBUXS. 




CbannoU 

SliyptatM ... ... ... 

Laeinp'-b-irs ... ... 

Jaw plates 


No. 
No. 
No. 
No. 


Dppth 
Width 
Widli 
>\:idtU 


Weight per foot 
Thieknef"? 
Thickness 
Tbickueas 


FhitdMd length 
Finhihied length 

Ki»iif<hpi1 1«"iipth 
Fiuislivd length 
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LOWER LA'lKliAL STllUIS. 



riiniiiieU 


••• 


No. 


Dfptli 


Weight per loot 


'Finished leugth 


l-tl«MU8 




No. 


Depth 


Wfcight per foot 


Fiuiahed length 


StaypUtes 




No. 


Width 


ThidtB6M 


Finiahad length 


Laciiig-bar8 ... 




No. 


Width 


Thrrkuc-as 


Fiaishcd length 


Jaw platoi ... 


««« 


No. 




Thicku^sa 


Fiuished length 


POSTAL STRUTS. 


Cbauuelii ... ,„ 




No. 


ivpth 


Weight per foot 


Fiuisbod length 


Stay p!«ies ... ... 


Ma 


No. 


Width 


Tfaickiieaa 


Jf'iDivhed length 


Lftttiw bus 


• •■ 


No. 


Width 


Thieknaaa 


Fuaithadbngth 


Jaw plftteg 




No. 


Width 




FiiUHhed Itngth 


(louuecling ■ pl(ktc« 


for 










brackvU lo chtmuclit. 


No. 


Width 


ThickueiiB 


Fiuialied length 


CoBneeting. plktes 


for 










DUne plates io cbaunola. 


No. 


Width 


Thichn.- s 


Finiplif .1 Ini-th 


IMTEIUIEDUXE STBUT8. 


CbnuiU'U H. «t 




No. 


Depth 


Wt'iglit per foot 


Finiabod length 


I beams ... 




N*. 


l>epth 


W«iglit p«r foot 


Finished length 


StiiT plates 




Yo. 


Width 


Thiskswa 


^iabcd length 


Lnciiig bnrH 




No. 


Width 


Thiokncei 


Fioifhad longth 


(Vi'uicrtiiig pla(«8 










p>-'«lB I ... 




No. 


Width 


TbiduMM 


iFiniafaied length 


Jaw plates 




No. 


Width 


Tliid(n«fg 


Finished length 


Connfrtin;-' j^^itin 












brackets to L-bauuilit. 


No, 


Width 


Thickuibtt 


Finiebed longth 






8TIFPBKED HIP YBBTICALS. 




C'baiiiii'U 




No. 


Depth 


Weight per foot 


Finisbed length 


I'hxl bain 




No. 


Width 


TUclni«M 


Length centre to centre o( 












eyt !^, uiid ('xtri'iuf li::igtl) 


Stny p1rt!«-H 




No. 


Width 


ThicLii. > 


FiuiKhed lenK"' 


Lac'ing-barH 




No. 


Width 


TliickiieHg 


Fiuiiihed leugth 


Be-enlbniiis phtfli 




No. 


Width 


ThiekoMS 


FluiBbad kagth 




i 


X . 









ilAlX DIAOONALS AND i'LAIN CHORD WARS. 







Tblckneaa 


Depth of 


Thidaw 


Diameter 


Length «etiti« 


IBxtnine 


No. 


Dep^ 






to 








heads 


of hcn<ts 


of eyes 


centre «f cues 


length 
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mP YKVnCALS AND GOTTIITEBB. 



No. 




Diameter of 


Lengths of 


Lengths centre of eyes to ends, or 










1. ,. ,]:, ,.yi>-; 


rcntrt' uf (-yo to oonlrc of cy<' 



LITBSAL AND VIBRATION BODS. 



No. 



Duun. 



Diaaieterot 
cnlaigedsad 



LeagdtoentMof 
tobaSTorloop 



LflDgtb centre of bend 
or OJ0 to 
cndof diortptoce 



Length centre of 
bead or eye 
to end of hng piece 



ST 


RUTS OF mnSSED CUORD BARS. 


Niikof 
ilnito 


Section 


Sizee of 


Section of 


Length ef 
ttutang 


Iicngtilt of itnt OMitre 
to eeatoe of eje 


Extreme 
length 

uf etrat 



SIDE BRACING. 



No, 




Sise of oonnecting-pUtea 


SiMoftgainfardDgpkias 


Bitmne length 
of brace 





Ittttoa . . 

Angled . . 
Teas . . 


No. 
No. 


Width 

Legs 


Itiietaeae 

Weight IK'T foot 
Weight per foot 


Ttalelied length 

FtnLshed length 
Finisbedjengih 


TRACE BTBINOEB8. 


I-Ih'huis . . 
A nil,' lee . . 


No. 

No. 

N". 

1 


Depth 


Weight per foot 
Weisjht per foot 


Finished length 
Finished length 


ROLLER AND BED PLATES. 


Platae . . 
Aflgfae . . 


No. 
No. 


Width 
Lege 


finithod ThiokiueB 
WeigUf^ibot 


HiilAed length 
PiBiM length 



■ami: i'L\Trs' 



No. 



Date. 



OTESB 8BPASATB PLATBB. 



Tl.l V.v.v 
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PINS AND TiUilK NUTS. 



Fa 


DtiBMtir 




BxtKBW kBgUk 


BOLTS AND TH£I& NUTS. 


Mo. 


DluMUr 


fibe«f Bvte 


LvBgUmadMr htad, AT oitrMBe Ingtt 




BRACKETS. 



Angles .. 

Cluuinela 



No. 
No. 



Lett*! 

Dmth 

Legs 



Weight per foot 
Wdght per toot 
Wigight p«r fbot 



Extreme leng^ 
Eztrame length, 



ORNAMENTAL WORK. 



Ho. of plooes 



GUARD BAILS. 



Ho. ol pieces 


Soctiou 


Weight per foot 


length 



BEAM HAHaSBS AHD THEIB NUTS. 



No. 



Section 



Dian^tercf 
apnteoii 



Bunneter 
of 



SixeoCnate 



No. ol ttttte 



Length of one leg 







SETS OF 


ROLLERS. 




Boilers 


, Ho. 


Diameter 


Length bet w(.vn sVumMfni 


Extreme length 


Cro88*rod8 


Ho, 


Diameter 


Loogth between shoulders 


Extreme length 


8ide«i^flrB ••• 


Ho. 


TMekneM 


Width 


Extzcuo length 



FILLERS rOR FINS. 



Ho. 


Biteiud diaawter 


Internal <UMnitieir 


length j 



TmtH BXrOKLBB AHD 8LBBTB HUTS. 




BHACINQ FRAMES FOE STRINGERS AND GIRDERS. 



Aagkt 


Ho. 




Wdghfc per foot 


EactNBolngth 


FktM 


Ho. 


math 




Bxmme length 
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BBJLCIMO AHOLBS ft>B Pli&TE GISDEB SPANS. 



No. 




Waightporfcot 




WA8HEB8. 




DiaiB«t«r 


Dianein of bolt*. 


SEPARATE BIVE 


T8. 



No. 


Diameter 


r^ngtli und«r bend 


Kind of head 


Position in bridge 


Pmrts connected 



PIN PILOTS. 



No. 



Extwiiui diameter 



Internal diameter 



IXJtJK NUTS. 




floou ttigiiieers send also a complete bill of mett to bo luod In the shop ; bat 
tbia IB sonrosly neeoMuy, us it in more properly the pkoe of Iho maanfliotniw to 
preparo snch a bill. 

The foOowtAg Ibtm trili be needed lor tbe pwpofle:'— 

BITXTS. 



Member I 



No. 



Length bstiTMn baedv 



Kind of beads 



An aUovanee of three per oent ehonld be made lac waete in ahop riTetii and 
from ten to twelve per cent iu field rivets. 

If the hip verticals be flat bars, tbey are to be tranaferred to the groap of 

Main DiagoiKiIs, etc." 

The corresponding form of " Shipping,' P.iU" ia as follows;— 



STRUTS. 


Member 


No. 


Jjimgth centra i" eti 1, or i xtn-iiii' IcntjUi 
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BABS. 



— 






1 


















i 


i;oi>s. 


Member No. 
1 


Diriim 11 1- 


l>iium tor <;( 

e;ea 


Dnunitfr of 
up§et eods. 


B. or L. 


Lvn^'th ceulre of 
U> «uil, or 
oentie of eye 
to oebtre of tye 


Murk 



SIDE BBACIKG. 



No. 


Section 


Extmiue length 


H«rk 



FLOOB— BEAU8. 



I, . I, 



ri;.\(.'K sri;iN(,Ki!s. 



No. 



Extreme Length 



BOLLEB AND B£D PLATES. 



No. 



Poaitioa (fixed or freo ond) 



Mark, if any 



NAME PLATK6. 



OIllEli bKi'.UlATE I'LAXES, 



No. 


Position 


Murk 




No. 


OUateti^r 


LenelU between diouMers Eztiiem« i* ii;;tli 


l^imenaioiiBof ends Mark 


roT.is ANT' 'rnrn; a)*t>;. 


No. 


BiMiioter 


Diameter of upset euda Lougtli under hwA, or mtrene lengtb 
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BRiCK&TS. 



No. 


fteiiioQ 


Entniwr lwg4li 


Iluk 


OBKAMENTAL WOBK. 


Ko. of pieces 


Df^ci i|iciuM 1 ^[luk 


OUABD RAILS. 


1 No. 


Lcngtb. 


BEAU HAKOBBS AND THEIB NUTS. 


No. 


Diam><t«r of e>'« 


No. of Diits anil l»ck-uut- 


Mnri; 



llOLLEHS. 



No. of Mtt 



FHiLEBS FOB PINS. 



No. 


Bxlerul SiMma/Uir 


IntonMl di*m«ter 


Lmgib 


>iiuk 



TUBN BUCKLES AI^D SLEEVE NUTS. 



No. Tups 



BSACINa FKAMES FOll STIITN(;KHS AND ( . Iia>i:i;s. 



No. 


PoritiOD 




Duac 


>NAL BBAdNQ ANGLES FOB PLATE UIBDBB SPANS 


No. 


Position 


Mark 


WASHERS. 


1 


I)i,.1..rl. 1- .-.r 

1 
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SEP ABATE BIVBTS. 



No. 


Diameter 


LMigtbttadflr luad 


KiodotM 


Position in bridgo 


Flaria ooniitoted 



PIN HLOTGk 





Bttaroal diuDotar 






LOCK NUT& 


N«. 


Sim 


Deteriptioii 


Uttk 



The following is the ayslcm of raarliing iron before Bliipraont wbicli tho anthor 
would recommeuil. It should bo thoroughly compreheuded by tho mauufucturer, 
the forttutaii in e1iarg« of erection, and (he time-keeper or elerk, if there be either 
employed on the work. 

\MiLi e the work is very esteusive, the time>keeper generally cheeks the mater* 

ittl a-! it ;u rivcs on tlio ground. 

I'll hi, if ilioro be more tli m oue ..;)an, ciich piece of each span ahoulJ be marked 
with a daub of color poculiur to thit ^pan : thu4 tho iir.st upua may be white, tho 
eeeond jdlow, the third bine, etc. ; eare being taken to choose soeh colore as will be 
readily dietingniBhed upon the iron-work. 

The colors may be raarkc l in tho lust column of each division iu the " Shipping 
BiU" and at the cn l : thus the mark for a main iliagonal may be " 3 Bl.,'" or 2 
W. ;** the first rcpre:>€utiug the third set of main diagonals iu the third span, and 
the other the second set in the first span. The letters Bl. are ohosen for blneg ao 
as not to be mistaken for the letter B used elsewhere. A similar preoantion shoald 
bs taken with llio otlior colurs. 

In ad'lition to this clt ir;tc:toi'i>tic c-olnr-mark, each pieoe should be marked iu 
white paint accnrilin;^' t<i tlio fi)lli>win^' mothoil. 

li. and L. denote that the piece, if a main paitiou, lies to the right liuud ur to 
the left hand when one stands at the nearest portal, astride the centre plane of the 
bridge, and looks tow rds the ivntro of the 
span. If a detail, it denotes that it lies to 
the right or left hand when one stands 
iistridt? tlic iiiiiliUc vertical piano of tho 
truss to which tho detail belongs, at tlio foot 
of the nearest batter brace, and facing the 
centre of the span. Tho numbers can be 
readily imdcrstood by referring to tho ac- 
eenq^ying diagram. 




\/': Tru,. 



^ t-^ ' - ' X«taml Si 
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Obwd Meti<m8 Me to Im mimbtrad, and mavkod B. or L. 
fiattarlmMesaretobenwrltecl R. w h, 

Channel bottom chords nro to ho munUerod. 
Posts to bo numberf-tl, nml murliO'l li, or L. 
Upper liitonil struts to bo inarkGLl I'. 1, U. 2, &c. 
Lower lateral atrutii to be market^ L. 0, L. 1, L. 2, Ae. 
Foftal strata to bo marked U or L (upper or lower). 

LitennedtHte slrnto to be marked In, 1, In. 9, 4e., the nmnben eorreepondiiig 
irith those of the posts to vrhfeh they are to be attadied. 
Main diagonals ntu\ conntcrs to be numbered. 
Hip yertioala need no mark. 

Upp«ktml rode to be narked U. i, U. 2, etc.; the nvmbmi ootteipoiMlmg 
to thoee on Un diagram. 

Lower lateral roda to be marked L. 1, L. 2, ete. ; tiie muaben eorxeqNmdivg io 
Iboae on th(« diagram. 

Portal vibration rods to be innrltcfl P. 

Litermediate vibration rods to be marked V. 

Gliovdbaretobemflrked 1 A, 1 B, 1 G. 8 A. 8 B» S C, ete.;thettambers eorreS' 

ponding to those on the diagram, and tlM letters denoting Uie poeition in the panel, 
A bttog for those on the exterior side of the truss, B far tho-o tioxt to tho onl.-,nlc, &c. 

Side braces to be nnralicrod to o<MrreBpond t6 the panel points to whicU tliejr be* 
long, and to be murkod ii. or L. 

IVaek atringers to be nnmbered to oorrespond with the panel, and to be marl^ 
B. or L., if there be any diffavenee. 

Hoot beams to be numbered to correspond to the panel pointo. 

Boiler and bed plates to bo marked B. or L., if there be any difier&ioew 

Name plates require uo market. 

Separate plates to be numbered so as to correspond to the panel points to whieh 
they belong, and to be marked B. or L., if neeessary. 

Lower chord pins to be marked Ii. 0» L. 1, L, 8, eto. ; the nmnbers correspond- 
ing to ibose of tlie paii' i points. 

I'ppcr cliord pinH to be marked U. 1, U. % U. 8, etc.; the numbers correspond- 
ing to those of tiie panel points. 

Fecial diagonal pms to be marked P. 

Vihtation-rod pins to be marked Y. 

Pins at middle of posts to be marked U. 1, U. 8^ M. 8, eto. ; the nnmbura oor* 

responding to those of tf.'o posts. 

Upper lateral rod pins to be marked T. 1, T- 2, etc., the numbers correspond- 
ing wXk tiic panel points* 

Lower lateral rod pins to be marked B. 0, B. 1, B. 8^ eto., the numbers oor- 

responding with the panel points. 

Bolts need no mark, but shonld be bo^ed brforp sbipmcut. 

Brackets to be marked P. or I. (portal or intermediate), aim R. or L. 

Ornamental work to be marked B. or L. 
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fiunnl r!n!« loijiiiio no mnrkH. 

Beam Iiaiigci'H to be iiuaiU«ro<l so ns to corro»j>oit(l to tUe pauel pQiptti to wLicli 
Boilers lued jio iniirkM* 

Fillers to bo marked tite iif^inc ns the pins to whicli they belong. 
Titnilxiekloa ami sleeve unts,. being aitoehoil to |he irods beCwA sbipnwit* 

qnw i- no mark"--. 

iit'Aciag tinmen loi* »ti;iuger^ ouil gijrderii tu be uuuiburod as to qorro^on<\ 
vtih tiie panel pointo ftnd the upper eUtee lo be jnarlnA U p. 

The frmnes may be «onaidere;1 m dividing plate gurdor wganu into piwda. 

Diagonal bracing anglnH for plate girder Kpans.tOjbe nutrked ^* or L (upper or 
lower) nritl to Ijo inimbereii to conrespfHid wi|li the pandfl iqto ultiflhitli^j nifty be 
supposed to divide the span. 

WM»liers need no marks : tliey sliould be boxed, or atrnpg on boli^, before 
sbipment. 

Bivcti> need no marksi, but Hliould be bpxed. 

Pilot nuts net 1 im iirirks, as tliqro nre so few of them required. 

Lock nut's should be m irki' l D,, J)^, &,e., Vi, Uj, Ac, V.i. V.^, Ac, I.. 1, L. 2 
&c., 11. i, U. 2, iVc, ftud P, i) comt'spoudiug to \vcb diagonal, U to \»pper hUeral 
rod, y. to vibratioin rod* L. to tower lateral rod, H. to beivn baitgtr «ud P W 
portal rod. 

In addition to thodc mark^, there ^hould be otherd Air those members which ai'C 
to bo riveted together in the fiold, and which nvc asHemMc d in the shop wlicn the 
rivet Itoleii previously punched are reamed. Thciie marks bhould be ptuicheil iutp 
tile iron vith a ateel lyo'mU and uhoiild eonelat oT cue, two, three, or fom* do^ apon, 
caeb of the pieeee so assemlded, order tibat no j^oe during ei^ctuui wj^ be pnt 
into the wrong pbice. 
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CHAPTEK XXIL 



ERECTION AND MAINXENAXOK. 

Tli« mimb«r of men required to ei-eet an iron ndlroad bridge will vAry from a 
doxeu to a hnndved and flfty or even more aeoovding to 41m length of apan^'looaUou 

and tlie time to bo occupied in erection. 

For rtny one thoro is a certain numbci* of men whicli will be more econ- 

ouuoal tUau any other unmbor ; oud it h only experieuce which will enable one to 
beforebaaid what this nmnber is. 

If there are too few hands, the work will hg, and difficulty will be experieneed 

in handling heavy pieces: on the other hand, ir tlu ro are too many men, they will 

staiul ill oiich ofliijr'-^ wfiy, nnd (he total nmnutit of cffcctivo work done liy each man 
ptir day will not 1)0 a iii iximuiu. If, for uny reason, there ho iieod of haslo, il wHl 
bo economical to have a large force of men, notmtbstauding the last lucutioued 
oonaideration. 

OwiDg to oertain well known pcculiarties of Japanese workmen it is Terj dif- 
ficult to say how many men will be needed in any particnlar caac : this matter will 
have to be loft almont entirely to the jnd;^'cment of the engineer. To euch as have 
Itad uo experience iu bridge erection, tlio author ofifers with mnoh diffidence the 
followiiig taUas at a mere guide. 



FOR BAI8IN0 SINOLB TBAOK BBIDGES 





No. OF MEN £E QUIRED 


Fhvt« GirvkTs 




13 to 18 




Pony Truagos 


m 






Tliro. Bfuos radwlOV 


M 


4$ *» JO 




loo' to Its' 


t* 


5<i .. J5 




"5' i» ISO* 


t 


J5 » 40 




ISO* * 17$' 


t* 


40 i. 4S 




tJS' , aoo' 


«i 


4$ » 50 




2CO' „ 27$' 


t 


50 » ^ 




22S' „ 250' 


f 


«o.V 75 




«So' „ 175' 


J* 


7$ .» 90 




«75' m JOO' 


M 


SO « "O 
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FOB BAISING DOUBLE IBACK BXiIDa£S 



SPAN 


No. OF MEN BEQUIBED 


Plat.' GiHers 




15 to 10 


Pony Traaaes 


$1 


as »• JO 




M 




lOC to 135' 


M 


- 45 


l«5' » ISC 


«» 


45 » 55 


IStf 17$' 


W 


5S t. to 


175' " aoo* 


M 


60 p 70 




« 


70 ^ 80 


MS' H 45* 


1* 


Bo » 4S 


asc » 375' 


t* 


95 ns 


875' *» joo* 


I* 


"5 - IJ5 



If bridge is (ob*«Meted rapidly Uie anmW givm in ihe taUfl mn be pro* 
btUlf •dvtntageoiuilr inoreMed by from tirauly'fiTe to fifty p«r eeni. 

- Tbeoortoffttifltng » bridge depends more nj^ ihe foremen tium upon Ibe 
men. Tbe best men will fail to do their full quot 1 of woi 1^ if tbe fovemen be not 
energetic. Nor does it" suffice to have simply a fjooil woi kcr lor a foreman : li<» mnst 
know bow to keep the gang busy, or thoy will staud by aud l«x>k on, while he does 
tbe work. He should also have their good .will, or the progress of the work will be 
imnliiiaelorv. 
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TIm oatfit for a mu W takan from the foUowiitg table, in whkb the moaUer 
uvmbeta are tot abort apane, and the large nanibttg for long spani. 



lUPLElCENTS. 


NUUBBB BEQVntBD. 


FOfgM »»• <•« au 


*«• 






•II 


eae 


1 or t 


Fain of fang* 


aat •« « >« • 






Mf 


•ea 


3 to 5 


Button 8ctt8 for enoli «Im «f tiV«t» ». 


Ml 


«*• 


*■* 


•11 


3to S 


Drift pins of eacb ueeessarj' hh.e 










5 *<» '5 


Iteamers 




• 








4 tu 10 


Haadi* eold dilnlt ,.. 


»■ » *•» 


•«l 




*«« 


•II 


3(0 S 


Hauillo thrift pini ... 


«•! 


Ml 




•I* 


■«i 


4lO 4 


Cap«oluMl» 


• • ■ « » • ■«« 


**l 


l«« 




M« 


1$ (a )o 


Plafai«biiMh 


Ml **« 




M* 




••« 


8to i6 


Biu-het drillH 


«*» 




««l 


»l* 


•*• 


ito 1 


Wrenches lur f uutii ... 






*** 


• 




5 to lo 


Wrebdwii tor 1* nnta ». 


••• 


M* 


• 11 


•«« 




S to 10 


Wi'< ut lif'ti for 1" nuts ... 


•M «•* aaa 


M« 




■aa 


aaa 


5 to to 


Wrencbes for 1" uuts ... 




• •• 




«•• 


• •• 


} to 6 


Bivettiiig bauuiierii ... 








••• 


»•* 


3tO 5 


U^«Mg«t... ... „. 


aaa »• 


«a« 


a» 


M» 


M« 


I lo { 


Heavy sledges „, 




Ml 


•*« 


a»« 


M» 


I to 5 


Himd Uaes {" UiA 


>*• 


Ml 


■M 


M« 




5 to 11 


Ottyli]iw1''dk.tgrl60'U>n9 


Ml 


a*a 


••ft 


•■• 


$ to ra 


Fall liucH 1" ilia, bj 160' loDg 


Ml 


Ml 


••• 


Ml 


.io 5 


Bopealingt ... ^ ... 


«*f •»« 










10 to JO 


IMeof 10«Medif „. ^ 


■«* Ml 


M« 




•t« 


• •fl 


3 or } 


Heta of H" blookv ... ... 


•** aa« eaa 




M* 


ft** 


la* 


3 to s 


Bnatcli blocks 










... 


J to 5 


Ste«l cron.biU's ... „. 


••• •«« 


• •• 






• V* 


^ to <o 


CroM^mt Mwa ... ».. 


•V* eee »»• 


M9 


Ml 


M« 




J to 7 


Augers 1" dii».... „, 


M« •*« 


•|l 


««« 


tee 


••■ 


; to 6 


Angers f die ... 


«•» 


Ml 


«•! 


M« 


••• 


}to 6 


Aiigenf"dia.M. ... ... 


•** 




p-a 


««V 


M« 


|to 6 














3 to 4 


Axofl 


»«• 










5 to IS 


AllS^S aa« ««• 


•■• 






• f « 


•«• 


ito 7 


Timber tmckH... ... m. 


««• «*■ 


eaa 


M« 


M* 


Mft 


10 to 25 


MonkeT wrenobeK 












J to n 


CbaiuM 










■ •4 


5 to la 


Owik# ... ... 


mmm 




oaa 




aaa 


s to 5 


Holding ou bars 


«• 




M* 


«l* 




c to 4 


JMkaorewB ... 


• • • 


VM 


•I* 


!■« 




$to « 


Lng* mraehM of dlfferant 


tilw lor plat 






••ft 




ito 6 
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ftttd if ii«c«Btfury tt pile driver iriUi iia »pp>^)UUiMS. Hm ordinary weight of a i>il« 
driver iMmmer varies from sixteen handred to two tliottsand pomidi, and will pro- 
bably coht from two liuiulicil to two huudred and lifty or even ttiree bimdred yeu. 

Til. height of the driver should bo about thirty feef. 

Piftto XII. ilUistrntcs nearly u!l the tools found iu tlio list. The author wishes 
to ttpologize for the appearauce oi this pkte und its very ai»purent want of scale ; for 
it was prepared from elippiugs taken from varions advertising etrealan. Some of 
tbe figures do not represmt esacUy what tiiey were originnlly intended for, but the 
agreement is exact enough to give the reader a clear idea of the form of each tool. 

Besides the tnnls on the list, c;tcli carpenter shoald be provided with Uietuaai 
special tools io be luuud iu a carpenter's kit. 

Iu getting ready to weot a bridge tbe first step U to prepare tbe gromid iu tbe 
neigbboorbood of tbe site, so that tbere will he room to store the material and for 
the men to work. When the iron is received at the site it should bo checked ; and 
any i»iecc3 froru which the marks have been obliterated should lie remarked. The 
iron should be xiiled bystcmaticully, similar poits being grouped, aud no iron »hould 
be allowed to lie upon the grouud. It should be piled so that tbere will bono trouble 
in getting at any piece wbieb may be required. Tbe pottiooa to be used first sboold 
be placed nearest tlie bridge site. 

TLo piers and almtmonts will be supposed to be.erected, as this worlr does not 
aim to ti ciit of foundations. 

The next step is to put the faUework iu place, if the bed of the stream be 
dry or nearly so, the bottom bard, tbe distanoe from tiie bed to the bnrer chord be 
no greater than twenty feet, and if there be no danger of a sudden rise of water with 
a swift current, vertical timbers resting on foot blocks witti a cap and ligbt diagonal 
bracing may he employol. 

If the ground be uot perfectly firm, mud sills must be used iustcad of foot 
blocks, aud, if at all soft, piles must be employed. The sisa of a mud sill should vary 
from 6" X 6" to 12" X li" aooording to tbe hardness of the ground, tbe weight 
upon tbe sill and tbe height of tlie falsework. It is uot necessary that tbe timbers 
be square : for ground not csppciuUy liard wide timljers luiil on their fin ts arc pre- 
ferable, as they di.-ti ibuto the pi t ssure better. Srjuaie timbers should be used where 
the grouud is hard in t>omc places and noil in others, so as to preveut une(|nal settle- 
ment and a consequent distortion of the bent. 

If tbere be but one tier per bent, two vertical posts will be sufficiettt for short 
^paii'j of single track bridges, but iu all otiuff cases a third vortical post midway be- 
tween the others will be required. The caps should be from 6" x 8" to 8" '■< 10" 
accordiuf; to their unsupported length aud the magnitude of the weights which will 
come upou them : they should project two feet beyond each truss. The upper ends 
of tbe posts should lie directly under the tmtees, and tbe taps slionid be dtift bolted 
thereto. The bent should bo braced by diagoual flat timbers, say from 8" x 6" to 
S" X 8", nccoL'diu<^ to their Iciigtli, riuiuiui,' in opposite direetions, OBO on caoh side 
of the bent, and bolted or spiked to tbe posts aud cap. 



1 
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If there bo two tiers in a bent or one tier resting npon pilos which project moro 
than five feet above the surfaoe of the ground, incliue l po^tit haviug a batter of two 
ineliM (0 the foot should be placed outside of the vertical posti imdar Ihs iraaaM. 

EMhtierdioiildbebrMadwiUi diagoiuri timbeni, m befoM. Th« gnaltrthe 
dftngv of high wind, the more cfifoctivcly ahoold aaek beot b« braeed* Alternate 
oonseoative bents should also Le braced diagonally on their outer faccfl, and all 
couseoutive bents Siliou? ! connected by Jongitndinnl horizontnl planks well spiked 
to the caps. These ^lank;j wiU be useful, iu I'aot oUt:u uecea^aiy, for the workmflill 
in passing firom b«nl to bent. If th«e« b« mon than two ti«ra par benti tba batter 
of the inolinadpoaia ahoold be tbreeindiea to tiie foot A good height for eadi tier 
if nxteen feet. 

Where the water is deep and rnpid, piles will be required to rest tlio bents upou. 
There should be from two to five piles per bent, according to the width of the latter ; 
a pile being plaeed Mow eadk ve^eel and inelined post. These pilae ahoold be 
braeed in the direetiflii of the atteam bjr flat timbere bolted thereto. Anybraeing 
that may be giyen tiiem traoevcrsely to the stream should be at such a distance above 
high water lerelaa to oaneeno obetrnotimi to boata, treea, icoi w other floating 
objects. 

if tlte bottom be bare rock, incapable of holding piles, the mud-aills must again 
be reeorted tov They ebonld be ireifpited eo that tbaj may be eonk mfo plaee, then 
dtift-boltedtothexoek. Thieeenbedonevithoattheaidof adivir. OfooiiraethA 

rills must be firmly attaclicl to the lower tier before being put down. 

The tops of all piles sliouhl ho cnt oflf to an exact levfl, 30 that, when the bents 
are erected, the upper surfaces of tlie upper caps will he in the same horizontal plane. 

On tiieae eaps shoold be phtoed timber-beanie etretehing from one bent to the 
nest, and Ipng immediately under tiie troaaea. It ia genereify enetomary to pUee 
the benta under the panel pointe ; bnt the author prefers to put them two feet to one 
side, so that the floor beam^ mny bf* swnnj^ into pbico witbunt taking down the 
falsework. This method ni;*y, imd prui)nlily will, n i|mre an exu-a beut at one end 
of the span ; so, if the beuU be expeusiye, it is belter to put one under eaob pan^ 
poinib and remove the npper tim before eiringlng the floor^beama. 

For epana where the traek etringeta rest npon the floor beams, or for any spans 
when the bents of falsework are directly under the panel points, (he level of the top 
of the loncjituth'iiiil beams should he nt loa«it t'-velve inches bebnv tlie f''<n «i tlie posts, 
so aii lo permit of the use of camber blocks, hke those bhovvu on Plate XI. The 
angle whiah the oontignooa iftoea make wiOa the lioriaantal (less, of oonrae* than the 
angleof frietionof tfaewood)enableethennderblooktobeeaai]y]cnoofced ontirhen 
the span is to be ewong. 

lJut for the oase of stringers ubutlini,' against floor bcnms, and fftlsework bents 
to one side of tho panel points blocks muni bo placed between the cumbre blocks and 
the timber beams, no that the track stringers may pass over tho upper caps of the 
lower falsework with a eonple of inehes etearanoe. 

The timbers for the oaps and posts of tlio falsework arc generally square, and 
the siaeafor the latter are to be fottad Icom Table after the abreeses in 
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tliem Uave been ascmtAiiidd as follows : — 
Let 

irias wdgbt p«r fool of Uie iroii>inNc1t of tbe lirtdg«, 

TFs» KTCVAge iraiglit ffat loot in height of one bent of ftdKCVork And tbo timbers 
vfaoae ve%bt it rapports, 

p = witi<l pressure por sqtiiirefoot, 

A = areft per Uueal foot which tho two triissos present to the wind (it is general- 

1>' about five or ak square feet), 
A* s tbe average area sabjeot to wind proBenre per foot m hdgfat on one bent, 

and its abate of longitadmal braeing» 

? = panel length, 

cit Ci, C91 etc. = liorixontal distance between centre lines of inclined posts mea- 
snred nlong the caps, 

i s depth of tmsa* 
du ^i^r» ote> m height* of the different liera eommeneing at the top, 

h mm vwrtieal distanee between Matre cC chord and cap<rf bent, 

and 

d = the angle which tho inclined posts make with the vertical ; 

then 

pAl ss preesnra on trasses at each pnnel point, 
pA*4\ m pressure on npper tier, 

pA'ilisa pressure on second tier from top, 
pA'd,=x pre«snre on third tier from top, 

and the stresses l \, l / ',, etc., in the inclined posts of (he first, second, and third 
tiers respectively, \\\\{ \,q given by tho equations. 

= til* [^,(4 + * + d, + 4. ,/,) + dVLt^L+^r] + 

Pi = Ac. 4- &e. 

Those timnvlae are obtalnefl nnder tfaa aappositton thai the inelined poets are 

not aided hv the vertical ones, wliicli supposition is necessary in order to avoi l aia- 
l>i;,'!iitj-: it w mil be corrf'?f, wii' i!io fnlieworl; on tlu' verge of overturning. If the 
tim'x.T bo green, tlie error thus mule np 11 tlie hide oi' safely is advantageous; but, 
if (ho timber bo dry and of gouJ quuHiy, it in permissible to make a slight redaction 
in the size given by Table XXIV. In applying tho iible, find the sixe of square 
imber required for a stress Fx and length ii sec ^, that for a stress F% and length 
ii see 0* «to., then take the greatest of these sizes. 
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The vertical poats Bhoidd be slraqg enongh io wiUisUud » vorloDg-BtreM giTtn 

bj the eqoAtioii, 

wUero n in the uomber o; tUe tier oousidereJ, and S Uie stress ia iUe cocresf onding 

vertical post. 

One dtiueusioa of the verticAl poaU shonld l>e the same a$ ih& side of the st^uaro 
lAidi if Ihs aedton of the ineUned poete; bo tbftt the dbgonal braeea may be flush 
inlii the entire faoee of the benli* and b« boUed io ibe T«cti«»Ui iritboai the inter* 

Teation of filling-pieces. 

The more elevatoJ the brWpe, the more important doc!- it I fcinne to properly 
proportion the fnlsework. The values of IF, and A' vrWl have to be assnracil, or 
xooghly oaloulal«J, before applying the equatious. The other ^uanilies are, or 
■beold be» laiown. value of p may be taken from ten to fifteen ponnde per 
equate foot* mileas'tlie situation be more tlian ordinarily exposed, when it may be 
taken at twenty poaudn. One ean alEard to risk the ohanoe of a hnmeano stnldng 
the bridge before it is swung. 

The sections of the caps are generally made the s uuc those of the hicliued 
posts. The caps should be dapped to receive both npper and lower ends of vertical 
and inelmed poste. The vertiioal poata ehonld be driA-bdied tiurovgh the oape, the 
bolt befaig long enoogb to pngeet Ato or six inebee into eaob post; and the indmed 

posts should be held in place by wooden sphoe pieces, one on each side of the bent» 
projecting iiboYC and below tho cap, and fastened at eaoli end by a holt passing 
through the two ephce pieces and the poat. This attaohment may be nsed for the 
Tertioal posts instead of the drift bolte. 

For additional aeenrity against slipping a third bolt may be put through the 
ipUoo pieeei and the et^, or deata may be nailed to tba eapi above and behnr al 
the toe of eaeh indhied poeb 

All bolt holes in the timber should be acctiratoly located and bored before the 
falsework is erected. On this account the bents should bo all Iniilt after one pat- 
torn that the parts may bo iutercliangcblc. If the bents hoof ditYorcnt heights, 
the variation may be cfiectcd iu the lowest tiera. Boltii are always preferable to 
■pihea for eonaeotuig timbers, especially when the fdaewiHrk haa to bo taken down 
and re-ereoted for another span. Oare diontd be taken to avoid any onncccssary 
injury to the timber, in order that it may not be add at too great a loia after the 
work is finished. 

Tlicrc should be two plank walks on top of the lower fabrwork, exterior to the 
trusses aud a runway midway between formed of severai wooden joists set on edge, 
far the purpoee of briugiug oat the material thereoti npon timber-troaki. 

The IbOowing fnble taken ftom Gamepe** *' Boeket Gon^anton *' gives iha aafii 
naiibrmly distrihafeed loads in pounds for these joists. The aafe oaneenirated eentral 
loada fan bo fMud by dividiiig thoaa i^venin the table by two. 
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WOODSK BSAMS. 



■■fli a—a, VMlAiarmljr UUtribnted, for R«ctanyidAr Wlkli* 0» T«ll0W 

Pfne Beam* on* laeh Ultak, 
alloMring 1200 lbs. per fcjnnre inch fiber strain. 

To obtain ihv s&fa load for any thickness, multipljr the safe load given in 
tri>]e^ by f]M tkkitaMM gf tam. 

To obtain IhertqtttndthicknMS for aajhti, divide by ttw «afe 1o«d for 
<HU inch, given In til>Iaw 



q 

•n 








DEPTH OF 


HEAM. 








U 


■7" 


8" 


9" 


JO" 


11* 


12' 


I J- 


1.1" 

'4 


I c" 
* > 


16' 




Lbs. 


Lbs. 


Lbs. 




Lbs. 








Lbs. 


Lb«. 


Lbs 


5 


960 


I }I0 


171C 




2670 




}84D 


4510 


>:;o 


6:c<> 


68 J'- 


6 




io<;? 


1410 






-3690 






4560 


5000 


5690 


. 7 


690 


9?u 


1110 


';4 


1 1, " 




174': 


J2 JO 


57?o 


4«90 


48^ 


8 




820 


1070 


' ? 5 " 


167-^ 


'.1: 20 


2 4 CO 




;27'j 


?750 


4270 


9 




753 


950 


12a:- 


1 4^0 


>79- 


2 I'jO 




19:0 




3790 


to 


480 


650 






1 j;a 


1610 


1930 


2250 


2610 


JfX:0 


jaio 


1 1 




590 


7«D 


9£o 


1 2 1 J 


1470 


1750 


2C-.0 


■:j?y 


27 J '^-' 


JIC.J 






540 


710 


9>o 


1 1 10 


I>4' 


16:0 


i*8a 


2I«0 


2 5 1 jO 


1840 


' ^ 






660 


g^o 


io.;o 


1:43 




I7JO 


20 !□ 


2JIO 


2630 




>43 


470 


610 




950 


f 150 


I J 70 




1870 


2 140 


2440 


'5 


550 


44- 


570 


710 


890 


1080 


1280 


1503 


1740 


2 COO 


2280 


i6 




410 


530 


63o 




1010 


1 J 'JO 


1410 


1650 


1880 


21 JO 


17 


280 


}f?j 




^40 


7^*0 


950 


1 1 }o 


IJJO 


1540 


1760 


2010 


i8 




360 


470 




740 


9 CO 


1070 


1250 


1450 


1670 


1900 


'9 


250 


$40 


450 


57= 


7 CO 


830 


lOlO 


1 190 


ij8o 


1580 


I&OO 




140 


?>o 


4;o 


540 


670 


8io 


960 


II }0 


1510 


1500 


1710 


ar 


2P 


510 


410 


510 


6;o 


770 


910 


1070 


1 240 


1450 


i6jo 


as 


310 


3 CO 


590 


4f)o 


610 


7 JO 


870 


1010 


1 190 


I j6o 


1550 ! 








?70 


47'^ 


580 


7to 






1140 


1 jcc 


1480 


a* 


200 


770 


563 


450 




670 


800 


940 


1090 


1150 


1420 


»5 


190 


260 


?40 


450 




650 


770 


900 


1050 


1100 


1370 




180 


950 




410 


_ I 




74a 


870 


loio 


11 jO 


I JIO 




I 80 


340 


J 10 


4CO 


5 'CO 


6 m 


710 


8 JO 


970 


1 1 10 


1260 




170 




too 


1 00 








800 


950 


1070 

1 ■ " 


1220 1 

11'^- 



























The posts for the up|)er fulsework shonkl rest on the caps of tlic luwcr tulsework 
ft bnt inelies inside of tbe tnitsei : they E^hould b« attaohed bj splica timibers and 
olsatR. TIm hdght of the iipp» falsework sltoold be sueli that Ute upper snr&ee of 
iho oap trill bo at least bl.x inches below the nnder sidee of the top ehord ieetionSf so 

aato permit of thn iifp of caiulfro blocks between. 

The nuthor would recommend that the end beuta of upper falsework be made Ihreo 
or four feet higher than the otlicrp, and tlio use of four posts there instead of two, one ou 
the inside and <me on the outside of eaoli triiBs, in order to Md in raising and retaining 
in place the hea\y baiter braces. After the latter are pnt in porfition a faorisontal 
timber may be firmly bolted to the bent at the level of tbo otlicr bent c^tps for the 
(etuporar^ flooriug to vest upou. Stout beams stretohing fi'ou bent to bent will be 



. I 
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nqaind to aot «8 fnkrA for tlie l«T«n bj ipbieh the diovd seotions ftre lifted sod 
bald in pbM triiila being oonoeeted. 

The cap of the nppor fulsework sboull ba dMper than it is broad, because it 
bas to act as a beam, arifl may bo subjectf 1 to considerabto shock, wheu the chord 
Bootions are beiiig put in place. The method of braclQg showu ou Plate XI. is 8p«- 
oidly »dT»tttageoiis in reapeet to tbis ooBmd«ratiou. 

Th« upper falaework sboold bo braoed longitudinally aa trail as transveneljr* 

Tho sizes of the posts will vary firom B** x 6" to 8^ x 8" aooording to ihmt 
lODgth anl th(> weiglit wliich tbcy have to support. 

Ill both tJie upper aii'l lower fsilwworii the cliagoual braciii;,' iu pliuios jnirallol . 
to tho longitudinal axis of tho bridge sliould for economy s nuke he placed between 
alternate pairs of bente; thai is, every other space between bents will be braoed; 
the end spaces sbould* however, be braced in any oose. 

Plat« XI. gives au illustration of bow the w i kin;:: drawings for falsework should 
be made. For economy of space the scale lias li. on taken at one qn;irter of an inch 
to the foot ; but it should, if iuteuded for au actual case of framing, be twice as 
great. A drawing of this kind shonld be aocompanied by bills of lumber and iron 
prepared in ft nmilar manner to that explained in Chapter XVII. Ifeaaorements 
oT (li^'.aiiL'os between bolt holes Khoi-.ld bo both scaled and calculated: thoso on 
flato XI. v.L'rc simply scaled, t!io pl:ilo U intended for illustration only. 

Tlie foreman of tiio work should be furnished with a blue print of the working 
drawings for tho bridge, unless tho type of structure bo one with which he is per- 
fectly familiar. He must also be provided with a raising bill, which dhonld consist 
of a skeleton diagram of one trass with the following information written tbcroon. 

Size of each truss strut and tie and mark for same; also number of pieoes of 
same in a panel of one truss. 

Diameters and lengths s. to a. of pins witli tlioir marks. 
Diameters, lengths and marks of hUcrs for s.imc. 

SisM and marks of all separate plates belougiug to the trnssevi eaohin its pro- 
per position. 

A diagram ftnr the lower lateral system giving the following informatton ; 

Bizes and markw of rtnls 

Fouitions of same liUowiiig which oyes are to go next the trusses. 
Sections, lengths and marks of lateral struts. 
Diameters and lengths of lateral pins, if any* 
Diameters and lengths of fillers for same. 
A diagram for the Upper lateral systMtt and portal bracing giving the fdlowing 
information ; 

Sizes and marks of rods. 

Positions of same showmg which eyes are to go next the trussee. 

Sections and marks of lateral and portal stmts. 

Diameter and length of portal piu.<;. 

Diameters and length of filler? for •?firac. 

Diameter and length under head of portal strut attaohiug bolts. 
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B» tHumli 1m abo pmiiUd irifh ft pita of tiwMtooi chord pMldag^ tiM tnuu* 

tienodinwDsions lioing axaggoratod so that the SIM of Moh piece may be writteu 
tlicrcon; a bill of boUs ^h 'lw^ the unmbcr and pOMtioa of daoh Uodi Mid ft «leu 

Stat-emcnt of the HVstom of muiking the iron. 

Before stiiitinr^ to erect the brid^^'o the foreiufiii bhouli.1 study carefully all the 
|)lanu tto tliut he will have a cleur picture of the bridge in his mind's eye, aud will 

not hftvo to bo oooliintalfy referring to Ibo drawing* dncii^ tlio oreetitm. On * work 
of any magttitade tiiera shonld bo kept on hand o Uw et«ndard nuts of eooh eise 
ordiuarily used, so that the loss of a nnt or two will^OKtiee no delay: for UiO MHno 
roasou there should bo A fow extra bolts of each size. 

The material ns n general rnle all piled on one suk' of the t^trcam, the ra5sin<» 
should therefore be cutniuencod at the uther bide m that ilie passage of tlte lu it* rial 
vill not interfere with the work. If there be uo objection, tlie for end of the biidge 
•honld bo fho fixed one, so ae to start from eomothing pwmanont* but this is not 
absolately neoessary. 

To i litis ti-ato the method of raising take for example the bridgo treated in 
Chapter XVIIf., nnd ussuino tlmt the fouivlutions with their nriclior bolts and f.ilsf- 
work, are in plari.'. 'I'ho iirst thin;^' to bo doue is to l;iy out the centre line of the 
bridge upon ihu falsework cups, maikiug it with a small-headed tack ou each cap, 
than «ho ooitro lines fiir the trnsees in fho same iray. This can bo dono oiUaer with 
n transit, ot inlh n oarponter's ohalk-Uno ; oare b^g taken to make the tranaTorse 
measurements to the outer lines exactly perpendicular to the central line. A test of 
the accuracy of the perpendiculars can bo made by the three, four, and fiyo method, 
uttmg a tape-line. Next, mark the exact positions of the panel points upon the 
loqgitDdinal bemns under the tmaaes, and plaoo the camber blookSf lovoUing ovw 
ihem so as to make the linee j<nning the central pointo of their npper sorfiwao 
parallel to the curve of the chords. It is belter to have the blocks a trifle high, say, n 
quarter of an inch near the centre, and an eigbtb of an inch near the ends, or more, 
if on account of the height of the falsework, a gteater settlement be anticipated. It is 
better to h»ve the height too great than too little ; for, if on acootmt of too much 
cambre the last chmd connoetion cannot bo mads, it is only a frv minntss* inwk to 
top Am bkoka a little, so aa to loww timn the veqnisito amount. 

Four small nails will hold each pair of camber blocks from sUpping daring the 
work, and they can be left so as to be oaslly extracted before swinging the bridge. 
Next transfer the centre line.s of the trusses to tlie tops of tlio camber blocks, and 
mai k accurately the first panel points from the h&ed end, then, starting there, pack 
the diord bars of both chords. It might bo oonvonient to have a few hoird>wood 
pins to fit the holes protly tighHy, so as to aid in getting the bars proper^ phtced 
longitudinally. 

After the chord packing has made some progress, run out the two baiter braces, 
and hnipt thorn into place by niomn of pulleys attached to the cap of the fir.sl bent of 
falsework, whicii bent should have been previously guyed and braced so that it 
cannot poanbly bo diituMhy fho oiMlcf the pulleys. As soon ts oasli battir 




brace k raised, aud the anchor boltti pass tbrongli tha holes iu Uio shoe pkto, the 
ante durald be tightly sermred dom in order to «dd in bolding Um batter brttee in* 
position. 

Tt will not do, however, to rely solely on llioHi?, for the tlirca'Ts of the Gnrl bolt's' 
might bo stripped: coiitioqaeutly a imril-wooil snppntiug hVK-k mti.sl lo strongly 
bolted to the two adjoining posts of the bent of lliu upper falsework. This block 
ahonld faftve a befriled edge, the angle of bevel being oq^aal (a the dope of the batter 
braoe^ ao that the irott*work iriilnot reet an a eharp edge of wood. If Uie lattioe 
bars intcrfcro with the bearaig» as they are liable to do, rough notches can be oot iS 
a miuiito on tlio l)OV('llod face so as to bring Ihc bearing npon the channels. 

Meanwhile the end lower lateral strut, the end lengtiis of the lower chord strnts, 
the portal atmte and the portal and end lower lateral rods, having been ran out, 
tliey are to be pat into pkee. the portal etrate bong retained there by ttiair oonneet- 
iDg bolta, and the lateral strut by the end dioird pme, whieh ahonld alBOpaaa thcoil|^ 
Qie chord bars, chord stritts and the fillers. 

As the portal rods aro adjnstcd by turn bncldes with single tap ends, they may 
be omitted until after the portal struts are iu place. 

Nert ran oa^ and hoietnpon the faleeirarlj^ by tnmns of poDeya aUaehed fhero^ 
to and timbers need ai lerers, the end aeetiona of the top ehorde, norhmg ttiem mto 
place by the levers, and attaching them by the liip pins, which should also pass 
through the end main diagonals, hip vertieale and fillers. The other ende of the 
chord sections rest on the cambre blocks. 

Kext ran oat, and hoist into place, the first Tertieal posts, letting tho upper 
ends Be in tiie open ends of the elMvd seetions, and the lomr ende pass aromid the 
lower chord stents. 

Next bring ont tho soconi.l sections of the top chords and the Gccond set of 
diagonals, Eaisc tho chord soctiouH into place, m heforc, with pulleys and beam 
levers, holding them thero uutil temporary bolts are put into a few holes tfaroagh 
the eonneeting-plates, filUug plates and ehannel nebs, and nntil the pms are ran 
Ihrongh tihe poets, diagonab, and fillers. 

Snch smalllportions of the structure as pins, fillers, and beam hangers, shoold not 
bo brought out upon tho falsework until required for use, for fear of their being lost 
overboard. Nothing more will be said abontj'anning out these and other small por- 
lioiis, bniit irinbe assamed that they irill be at hand irlien ifanted. It ehoold be 
an mierstoed tiling between the fonnian and Oie men» titat any one iriio drops any 
portion of the biidgs into the water forfeits a oertain amount of his wages. Such an 
arrangement wOl make green hands a little mora earefal Him they an apt to be 
generally. 

Now start the rivet gang at work at the portal and let tliom follow up the work 
' as it progresses. 

Next run out and put into place, as before, the second pair of posts ; then bring 

on tho third sections of tlic chord;?, the third sot of main diu'^'onals, the first set of 
counters and the next k'n.c;ths of the bottom chord struts, patting all into plaOO aS 
before, and so on autil the end of the bridge is reached. 
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Joflt before the riveters complete the riveting of the portal, the first of tlionpper 
lateral mid rntermcnliatc struts should be run out, and put into pkce ; but the upper 
lateral and vibration rods should be omitted, as tUey wottld be iu the way o£ the 
livefan, and can be readily inserted aftenvurds. 

Aa fbo «bord ban irillbe in the way of Um rivettemrlien eoaneoting fhe lower 
olioid atrats, the latter can be temporarily removed by wttbdrawing the pin from 
those on one side of tho stmt at the panel point where the connection is to be mailo 
and liointiug the bars out of the vrfij nntil tho connecting phite on that side is atta. 
ched, then putting them into place again, and repeating tho same operation on tho 
other dde of the atrnt. M these panel pomta it might be irall to nee wooden pine 
until the atrat eimneetion ia made* 

Aboni the time that one-half the span is ereoted, commence running ont the 
lower lateral stmts and rods, pntting them into place, inserting the hip vorticuh ami 
fillers, and conpliug the lower chords into their final position, leaving tho beam 
bangers lying liorUontally, so that, when tho lougitndinal supporting-timbera are 
removed, tiiey will drop uito their proper plaoee, 

A little before the riveters reach the end of tho q»ani the upper lateral and 
vibration rods should be put mto place, and .screwed up af ont the right amount. 

\yiicn the cud of the bridge is reached by the rivetersi the last ooaplings of the 
bottom chords can be made at the pedestals. 

The ahoea reat npon the nllera* wbioh ehonld have beoi put in mMtjf trana> 
vane to ibe direelaon of the bridge, and hlooked eo that they eannot move* 

The last connection for eaeh trnea can beeadly made by raising (he hip cither 
with lovers or by jack-screws, and either pressinf* ngainst the shoe with jack-screws 
abutting against bluoks chained to the roller plate, or by attaching a pair of blocks 
to the pedestal and first panel point lower chord pin. 

After the flnal oonpling baa been made, and the riveting is finished, knoek ont 
tho upper chord camber blocks, so as to bring all the weight of tbe upper part of 
the bridge npon tlic posts ; then take down the ujiper fnkowork. 

Next kiiocli out tlio camber blocks of the lower chords, lowering them together 
gradually so as to bring no shook upon the bridge, and remove the beams tliat sup- 
ported the tniasea. 

The arrangement of the cambre blocks will generally have left snffideni head> 

way between (be lower lateral struts and tho runway to allow the floor beams and 
track stringers npon timber trucks to pasn between ; but if not it will be very easy 
to CQHStruct a new runway by blockini,' up tho middle of each lower lateral strut 
from the old runway and layiiig a liuc ot plunks from strut to strut : should the phmlts 
apring too mneh, tb^ can be bloeked np at their nuddle pouts. ' 

Next rim out the end traok stmgers with tlieir bod plates and bracing frames 
and leave thera on tho pier, then bring on the end floor beara, ami take tip as much 
of the runway as is necessary to p:* t it into place. It shoul I he lowered bi iieatli the 
ends of tho hangers then raised mto place, after which the tiUiug plates should be 
placed on top, the hanger pktes below and the nate aorewed up tightly and looked* 
Kow get the end atringws into places mnovmg the ranway and inserting the bracing 
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frMMB. The sMngers oau fmi upon the buii^iorting brMkedi until it ia oouvaninii 
to rival iliam to tlia beam. Next nm oat the leeond pair of atringen pattnig them 
in place at the Cur end end aupprntin* them from the lower strnt temiKnrarilj. 

Tlicn bring out the next floor beam, swiiv^ it into plnre romoviug the ranivt>y 
M it iuterferes with tlie work, aud so on until tlie cud of the bridge is readied. 

As aoon as the second floor beam i^i iii plaee the rivettera oau oommeuce cou- 
nealbg tlie atringera to the beama, and folloir np the work aa fut aa.theae imembera 
•te laid in place. 

Wljpn t!if3 track stringers rest upon tlif floor 1>eams, qnitc another method of 
erection lau t be pinxucd. The stringers uitisit be brought out at the suuie time as 
are ilie lower lateral htruts and imh, botli of which pass through holes in their webs. 
These holee most be huge enoagh to give eonstderable play, boUi to allow fw deflco' 
tkm nnder paaaing loads, and to JiMilitato die passage of the latoral qratom. Tbe 
stringers should be supported temporarily upon blocks from the caps of the lower 
Jftlsework, mi\ can be made contiimmis from end to end of span by metting on Uie 
sphce plates and bracing frames, i-emoving of course, the runway. 

After awiugiug the span, the stringers mast still rest upon the blooka until tlie 
floor Veama axe pnt b place and aerewod ap : the floor beama can be run out upon 
the top of tbe stringers. Then the stringem and beams must be rivetted tofetlm 
hy their connecting plates and 1)iackctt;. 

Next screw up e^ery ndjustnblc rod to the pn>p» i- tiMuiun, which can be ascer- 
tained by the sound they make when tupped wuii a hammer. 

Next waah off any xuud or other impurity tliat there may be on the iron-irorki 
and gire itlwo good eoata of paint trherevor the braah will reach. The beat kinda 
of puint to use are lead pabts, when they can be obtamed unadulterated ; bat they 
are at the same time tlie most expensive of all the paints used for iron-work. Iron 
oxide is a good paint, but requires more frequout renewal. The color should lie 
aueh as to readily show any sign of rtist: yarions shades of gray ova eflloleiit In tfab 
raapeety and are at the same lime pleasing to the eye* 

Nest pnt on the shims, ties, rails, guai-d rails and foot planka with tiieir oonuee- 
iioas; a matter so simple tis to require no explanation. 

In long bridges of several spans, it may be economical to dispense witli the 
upper falsework by using a trav elling derrick, running upon wooden stringers, for the 
purpose of handling the heavy sections. Under theae eireumataneea, the whole of 
the portal might be oonneeted while lying upon the falaework, thanhciated mto plaoe 
in one piece, and supported there by shore timbers from the first bent of falsework. 
The bridge should bo completed as the traveller retreats : otherwise there will be 
diffionlty in carrying the members post the traveller. The material eboold bo 
bronght on cars witlun reach of the derrick. 

The laattiung to be done ia to take down the fi^wcrk, and draw the pilea from 
the bed of the sti-eara. The latter is easily occompUshed by a crab on the bridge; 
the rope being attached to the head of the pile, which is vibrated transversely in all 
directions while being litkd by the teimiou of the rope. 

The popular idea that an iron bridge when once erected will last forever without 
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oanisAMlMgr* Ilie miliimM aoMtimi of iran mbjeoied lo Om 

Mud npidly passing loads is not yet proreu, and experience has shown that tiit 
ironwosk of biidgM xeqaina on Mid attontioa m tlioroqgh aa doat tlwi of loooaaO' 
(irefl. 

Iron bi Idgeii ttlioulil bo thoroughly iu8pc«tod for nut spota ai laast ouce a year ; 
ttiAt if any be foand, Uii bticl^ ahoidd Im rapi^nled. Om or two ipolo in plaoes 
ifliert ■wmaaifag mi^ ham rabbed off Iha paint maj ba tonahad up wiUi n brndm 
but, generally speaking, \>hm rust spota begin to appear, it ahowa thai tvo good 
OMits of paint aro required immedifttoly. 

The adjustable members should bo tested oeeasionally by tapping vith a ham- 
mer. This dnif dumld not ba intmalad to m igooiant wai faB an, who naj tun 
sfrayonilianntsniitUbabraakiibafoda. Whaoafaryinpaai&igovarAbtidgi^ aiqr 
of fhaimi'VOiA vatUcs, it shows that something is out of adjustment. GmmSfy 
spcilv-in^, A wcll-prnporiioucJ iron bridge will not get ont of a<yiiatmant anlaea tone 

oue mcUlles with the nut^ or tuiu buckles. 

The I'ollowiug extract irum a paper ou " The Preservatiou oi Iron JUridgeii " by 
lb. E. FtMoiMo, a troasktian of lAidi ia givan in tlM *< AbetnoU of tha Inat^ 
of OhnlEotpnaan" will giva aoiaa vaafd binta aa to bow bridga inapeatian iboald 

be made. 

The Society of Architects at Berlin has directed its attcution to the question, 
and proposes that Uia railway companiea generally should institute a Byslem of 
periodical iuspectiona and npotta aa to tha a o nd itiflB of iliair wimia iMNl bridges, 
and foflooimanda that tha obaatrvationa ahodd ba divided into two elaeeea, tha Itfet 
(genaf*!) to bo uada in leepaat of afaty bndga, and tha a ea a n d In apaaial inatanaea 
only. 

• The gcuenvl observations to bo made every live years to iliolu^k — 

* 1. Measurement of permanent deflection. • 

*i. IfoaanvanieBt of dallaelionaanaadbgr loading (aliaat). 

*8. Ennniarationof ihoaaportiottaflf tlMalraatnraandriTeta whieh 

have already been renewed. 

* 4. Careful exainiimtiou of plates at junctions of bracing with booms. 
' C. Ciitfeful examination of paint and those places affected by rnat. 

*Tba apaaial obaarvatiana (to ba aeada annualtjr) to inelnde— 
*6. IMIeatioB of tha lowar llaaga nadar moring load* 
' 7. Distance apart of top and bottom flaagaa. 

* 8. Ticngth of the diagonals. 

' 0. Lateral distortion mid Tibration at the centre of the girders. 

* All observations upon the sUucture yrhen repeated, to be, if possible, made by 
tlia eama inapaetor.* 

In modification of the above the antbor aaggaata that Uw laaalt <tf obaervatiooa 
made by mere inspection nhould be kept separate from those obtained by loading, as 
tlie lornier could be made at any lime at a comparatively sliglit expense, and the 
most important of tlie defects discovered, whereas the latter would ne ca eaitate (ha 
piaaenaa of naoffiaieBtnnabarof cogiucs of tlia liaaviast abas, and fn tha tima ba* 
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ing 8top all kftfllc; he therefore proposes that subniLliufitcs slinuUl lio first caiofnlly 
iastrneted imder the saperiuteudeaoe of the chief inspeoior, au«l that ufterwardii it 
flbonld be their dttfy freqaentiy to ttxamob tiie ttrnolares, a l6niMl from p«r* 
souol observation being mode him onoe in two Jtmn, nod tii*t the loftd-lMl dionld 
be employed only once in teu instead of five years. 

The special observations, it is saggested, should include the effect of temper- 
aiare upon length of the girderst the amount of movement in the roller bed-plate 
with tfaiiM tnoving in boUt diteelieBt. the eomparatbe dittanoei apart of the web 
verliaeb, meaavred near the lop and bottom flanges when the girder is loaded, and 
the lateral dcfleetioa eaneed ly nhid pnoBore nnder Hw tondilwne of a hiaded and 
nnloaded girder. 

The author recommends that a book should be kept for the entry o£ the inspec- 
tors' reports, the information beiiig under the following headings viz : name, short 
d e e eiiplhwi , and, nhew peealble, the eelenhlien of the etrafastf and a general eketeh 

trith details of Qie most important parte ; weights of iron lu the cou^traetiou, total 

weight of Buperstructnre ; details ns regards the history of the constrnctiou, name 
of Tnnker &c., oharaoter of the lutiterials, and results of experiments as to strength, 

niuniuit of deflection under moving and fixed load kc." 



• AeeoHlag to tha asvndbtiiva «( ttb InaliN ttdi 
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CHAPTER XXIII. 



KFFECrr OF BRAKES OX DOTTOM CHORDS. 



After ri'ivlinf,' lliis tvoatirtc thus fur some Jnpanosc oiigineoi- may still luxro nii 
uh'ix (li lt •'Ojuo portions of the briil'ros desicfupil are too light, moir c-pcoially tho 
bottom (Itortlii. This is tlue to preeoiiccivcd uotious ciinscd by tho Htitf lower chotiU 
of til* JnpMicw bridges. The ehord* h«r» designed were proportioned for the 
oombined effeeU of iJiii maxiiniini lire loud and Ihe vind premtre : tiiey chi onlj be 
too light tiiereforo, in n .si.<,tiii;^' the ^liock of pasidng loftds. Let us invcstignte this 
point. The nio^t (lt >[i lufuc t tlect of a train wonM he when it h allowed to eomo 
upon the bridge ^\ith nil the braiies ^vt. To be ou tiie side oi safeiy let m assame a 
train of cugiues, and take the coGQicient of Iriution bctweiu wheels and rails to be 
0.8. Miohael Reyuotds C.E. in liia treatiee on " Oontinnoiui Bailways Brakes" p. 207 
makes the aetual maximmit value of tiua eoeffieient 0.25, although two pages far- 
ther on he assumes it as we have done to bo O.fl. With tlio hiiiu covering tlie whole 
span the cumbincd live and dead load tensions in the lower cliords would he so preat 
that the tlu'ust of tho braked wheels would mobt asiiuredly bo iusutticieut to overoomc 
it, vbile, wlien tiia firat pair of wbeela ecnnes npm tiie bridge, tbe tlimat irbieh Ikey 
prodnM wiil-alflo be too amatl io conuteracl tiie dead load tension. Between tiMee 
two extremes there k one position of the lomling which will be more effective than 
any other position in caii>iiit^ tlirust npon {lio rliords. The trnin shonld be brought 
on at the oxpoudiug end ol the span, in wUii-h case the part upon which tlie thrust 
will act with greatest effect will be tiie end panels of tUo lower chord at the Axed end. 

Jot tlie dead load streas in tke end panel of (be bottom ebord of att4 f niM be 
denoted by T. 

Lot the variable reaction of tbe live load on «n« trnu a4 the fixed end be repve* 

Rented l.y /;, 

then the corre-^ponding end panel bottom chord stress will be li tan 0 
wbere ia tlie indination of tho batter braee to the mtioal. 
Let ir SB the uniformly distribnted lire load per lineal foot on mm inm 
f = tho coefficient of friction between wheela and raila 

I = length of span. 

ai:d.r=: length eovered hy the moviii'' l»^;id. the origin of coordinates being 
taken at the expanding end of tlie upan. 
ThoreacUon 
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aud tiiQ cormpou<lui^ cud panel cUord stress 

— -gj- ton d 

The thrast (noglecluig tlie partialty compcusating tolling friotion a( tbe «xp«n^K 
end of tiie iipBti) «. The eompressive stress ou flie chord at tho fixed end, if 
there be any, will oonseqaotttty be giren by the etttifttioii 

Diffcrcutiatiag to lliul a mnximnm gives 

dC J. J 

^ =/«; j-tanO^o aud x « — ^ 

IKflSnrentiatbg again gives 

(PC ir tan A . , . , 
__ — __K ^ ,„ jcJijch X 

appears to tl>e zero power, so that, when 

is sabstiinted therein, fbe seoond differential eoefieiont is negative, denoting a 

maximnra. 



lanO 

iu the equation giving tho valne of Ct gives for a masiiiiiiitt value of flit 

— n ram i ■! ■ ■ 

otQupTession 

- wn^ ~ ^ 

Tlio vuhu of ir ileiliicetl iVom the Chapter on "General Specifieations " ia 0.G7 ton 
say 0.7 tou ])0i* lineal foot. 

lei va try the 100' span wheire T s 10.0 tons and ian $ ^1 

*L r, 0.7 X 0.8 X 0 J X 100 irto 7 
therefore Om = ^ ~- lO.a ss — 7,7«> tout. 

showing that the tlurast cannot overcome the tension. 

Again taking the liC span, we have I = 10.97 and tan ss o.87« iritioh 

gives 

0.= f^''^ -18.97 - - 11^ 

fSioving tiiat the tendenoy to bnekle the chord deereaaes aa tiie apam inoveaaea. 

Fiunlly let im try a 70' span ihrOQS^ bridge, which is the one least fitted to vesiat 
the tlwnst. Here T 6.00 tonM, and tan $ ^ 0.988, henee 

^ 0.7 X 0. 8 X 0.8 X 70 ana — a*i 
TxM^ 6.66 = -4.3 
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afaowing tiuit even in tliis «a«6 Uime is tunpto tennon. 

Hence we may oonclnde ihat Um bridges vrhich wo Iiavo designed are faQy 
capable of properly n^aHag aaj straw or oombiiiMkm of Btnnes to irtuob they cut 
ever be subjectod. 
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CHAPTER XXIV. 



RECAPITULATION. 

Before closing this treatise it may bo ad%isnblo to give a rr»unir of the various 
8lap4 (o bo token by an engineer in designing and building a bridgo. They are R8 

1*. Ascertain as mach as possible of the lisi of dftto in Chnptcr XVII.. bo as 
to know what kiud uf bridge ia required, ftud whai are il» peonliartUM of loeation 
that may affect its cnnstniction, 

a*. I>eteriiimc the live load, dead load, number ot panels, deptii of trOBS, engine 
•XMi«,aiid irindsfMBoreon each panel point of top and iKrttoiii ohotda when bridge 
ia both empty and loaded. 

8*. Fill out tlie table of data given in Chapter VIII. 

4*. Find stresaee in truaam by method of Chapter VILL, reoordiug them on a 
akdeton diagram. 

6*. Proportion main members of trusaos recording dimensions on diagram* 
S*. Detemune from the tables eieee of membera of lateral fljatoMt floor 
terns, portal bracing and vertical sway bracing, and write them npon diagram. 

7*. Proportion pius aiul writo their diameters on diagram. 

8*. ^fakc exit bills of materials, proportioning the details as they come in order 
upon the list of members. 

9*. Gbeek dead load. 
10% ICalra eatimate of eoat. 
11*. Make working drawings. 

12*. Make order aud shipping bills and send to manufootorer together with ex- 
planation of methods of marking iron. 

18*. Cheek all maleiials when recflived at site and pile them up in a convenient 

U*. EreottiMbridgt. 
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ADDENDA. 

Since the prccotliug pages were written the antlior hnn seeii in an otherwise very 
favourable review of lus treatise on •« The Desiguiug of Ordiuary Iroa Highway 
Bridlges " by the AnMri«mi Kuglneor a lonmui olgeslkii to Qia OMial ftttadimeatof % 
floor boMii by four bangen. 

lu tlie wonld c>f tlio i t view " the iuucr loop w^ill take uearly, if uot quite, all ti]« 
loail at the pant'l point : when tlic Lii(1^,'G is first a(1jnfit<?(! ; m\i this uol ouly becoiaw 
coustrained itseh but also overuti-auis the iuuer tension brace/' The unmber of 
iaame kangcra which oio couistaiiUy workiug loose, presumably by utrctchiug, iu 
raiboad bti«iges in wUidi 13m detail is nwd, deincMutratee its nnsatisfaetoiy 
eliairaeter/' 

Tlie author has long recognized the inequality of distribution of Hoor beam load 
between the inner and outer hunger-^, hut considcied (luit (he low iuteusUv of 
working sdcss on these members wonhl cmnpousato for tlio ohjectionablo inequality. 
Such has been also iu all probability the opinion of taoai Americau engineers ; for 
beanu, when not riTolted to the posts, are nearly always suspended by four hnugeri* 
The liel of the inner hangers working loose eon ha?e been mily btely diMMwered : it 
shows, however, that this detail neocl^> haproTement; and as the aim of this treatise 
isto design structures not only equal hwi in Romo respects superior to the host Aaiericnn 
bridges, it beeomes necessary, even at this late horn-, to correct the newly discovered 

The ri,n)ple method of using single beam hangers will not always work, owing 
to the great bending momenta whieh they produce upon the ^s. For instaneo take 
the case of a double track bridge witli piinclK twenty<foar leeiiu length. The w«|^l 
supported by each single hanger would Ik- about forty tons, nndthe distance between 
centres of main (li.iL^onnls wonld not be far from twelve inches. These data give a 
vertical bonding moment upon the pin ei|ual to one hundred oud twenty inch tons, 
wfaioh tffow wonld reqobe an hron pin five and a half indies in diameteri or a stod 
one of four and tinree quartor mehes; bat when eombkied witii thehOfiMOtal nmnent 
would call for a pin mneh largst tiian any intdligenft designer would think for a 
moment of using. 

The double hangers !n such a r>i^c aro fx ncccss^ify, but tlie connection mnst be 
such as to distribute the load equiUly u|k>u them. Such a distribution oau be assured 
by nsmg the Mowing detail. 

On the under aide of the beam at ,«aeh end is attached by four rivete n pbrte 
about five eightiis of an inflh tiiiek, six melies long and as wide as or a litde wider 

than the beam flange. This plate is placed symmetrically to tiie plane of the trass 

and the middle of the under bide h jrroorccl so as to receive one sixth of the surface 
of ft pill ahoni two iiichoii in diameter, which rest^ in ii similar trroove on tlie top of 
the beam hanger piute. The lateral dimensions of this plate will be sUghtly giealer 
than ttsnal, bvt the thieknses need uot exceed one mdi. T o prevent the plate from 

* Main diagonaL 
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rupture by bentling there are aftxclierl to the nnfleTsi«1e by coautorsunk rivets two 
ftn^'le irons or pl.itos beat iuto th ; form o ' aii^lc irons, t)i ) verticil lojs hrin^ con- 
uecteJ by oouateriiuuk rivctii, wUicU iu tho ueighUourUood of the piu pass as uenrly 
as mfty be (hroagh the neutral anrfiifle of the T betim, iinil elvewbere near the lower 
edges of t)ie ftoglee. 

As the exie of the pin is pnTallel to the length of the bridge, thev ertieal logs 
nnist bo transvcrHO tlioroto. 

This tlotiiil wih be rcailily mi'l<T<?f i;) ! finni t!i(> ji'-c;)'np!inying tliiipram. 

To illustrate how to find tiie sizj* ol tlie stiiV aiug phiti's, uutubcr oi rivets re- 
qaured &e, it wiU be well to design a beam hau^'cr pUte for a 21' panel of a single 
track bridge. 

Tlte total weight on the«fottr hungers is about forty tons, ami the centres of the 
bc:^m h;in«,'cr hole^ ni ly bo assunio.! to be situated ou Iho corners o' a .six inch 
sq^uare. Tliis wouM lu ike the beucliug moment ou t'le plate thirty iuch touri, which 
would be resisted by the T shap^U section of the two bcut pUtes oombined with the 
nncnt portion of the beam hanger pltte below the pin. Assainiog the latter tbiek- 
iicsA >.", and the plato sfiflfcuers tu be of 0" x G" x V angle iron would unilie tlio T 
ab^Mit 12" X 6i" X 1", ihe cent e of gi iivity of wliich is about 5" above the bottom. 

The moment oJ iuerUa in ihoio.oro x li 4. 12 x (l.U)' -|- i + ^ 

Tiie resisting moment is given by the equation 




80 taldn^ 7? = 4 tODS 

s 

As the beudiog luonieut w.i , lil iiirh (011=!, {bo sizes assumed are amide. 

It will be well to use three «iani-tor uicii countersunk rivets (Iho largest pos- 
sible), 80 a4 to make Iho ditlerent portions of the T head aet together. 

There is a teuilcaey to bend the plate in a direction at angles to the one consi* 
dorc l, ih i mo ucut for wli'ch in fiftoeu iiicli tons on each side o:* the pin. Thi-s will bo 
rosiste I hy a couplo wlio-;^ forco^ net as compression ou the top plate of the T ivnd 
tension ou the riveN u j ir bollom of the auyles. TAiug the centre of momenta 
at the middle of tbc top plate ami the distance therefirom to the liorixontal centre 
line of the rivet holes as 4| iuchei;, will make the tension on the riveter^ ^ ^'^^ 
tons. Using an int<Mi-i(y of only tno and a half tons, beeaase of the initial tension 
on the rivets will m iko t'io section required 1*87 sqaare inches; cottseqaeuUy two 
1'' rivfts will be sufliciont. 

This s\zo of stiftliij l beam hai j^'cr plate may be adopted for all panels of single 
traeTc bridges, or the thiekuesis of the aa:;Ies m\j be reduced to three eighths of 
an inch for short p mels. 

Xha dilBerence m the total weight of iron per lineal foot eansed by ihe nse of 
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tbis dotail will be from six to oigbt ponn^ for single track bridge^;, and from ten to 
nfk>oii potiii'.ls for double track bridg«fl, tbfl SDiftUer nmabera b«iug for abort ap«m 
aud Ih*^ liiri^T for long onc8. 

It bo uoticed iu tlio diagram that Llic floor beam stifleners at tbe support 
are iibwed close together so us to tako itp tlie vertiealreaetioa of tbe bangers trans* 
fbrred hy tbe anxiliary pin. Tbe lectional area of tbese itiffeners sboald be aboat 
eqni\\ to tJuil of llic hungers. 

SiMCi tliH in nti^p was written, tlio author Ims prepared for the Tustitutioii of 
Civil I'jigiucers, London, a paper entitled " Au Analysis oi* the Weights of iron and 
Dead Loadtf for Iron Pratt aud Wbipple Tmes Raibroiad Bridges " , thefoltoaiug 
deJnctiotia from wbieh will be found nsefal to Jtqpanese engineers* 

For long single intersection deck trasses the economic depths are about one foot 
less th:in those for the corresponding tlircmgh trtisMoa : for uhort double intersection 
trt);t<^0M tlicy are about tliree feet less, and for long double inter^eetion trusses about 

one foot less. 

Tho ratios of tlio total wcigiits of iroa per liiioal foot for single track deck and 
through bridges, excliuUtvf the weight of the iron beiUt over the purt and abutment*, are 
^Tcn in tbe following table. 
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Tijo ratio o' total weights of trou per lineal foot for double and single track 
through bri^lges are as given iu tbe following table. 
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T.te ratio of total weights of iron per lineal foot for double And single traeic 
dtrk bridges, vhe» thf mights 0/ the iron beuta ovtr the pien and tUmtmentt oiv ftol 
tvu$idered are as given in the following table. 
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GLOSSARY OF TERMS. 



A4just«bi« Um m ^ t v m —A UMBiber «f A 1iridg« the leagth of wbioih cna be inenwaod «r dl< 

tuimsluixl at will. 

A4s«>. — A tool for cutting timber. (Plate Xii., Fig. s.) 

Aaahw Ftat* mr AaehMF FlMMk — A iieiit pkte Cor boMinsr tUnrii the ezpu^ng padesUl ; 

VUte ir, f:_' tj. 

Am%i9 Iron. — Iran rolled into the »liape shonu in tectiuU oo i^lutu 11., Fig. a. 

Apn. — Tbe {nteneetioD <vf a bnca with « chord or flaage } iulM aln a pwMl point. 

AxU or Sjrmmetrjr. — A lino dividing im UKu iotfttwo pnvta equal and aimihr to mwh iAbvCt 
and aimilarlj disposed to tbe line. 

Bar. — A piece of inm flftt or tf^uart- io Mutiuu. 

WmUvr. — Slope, or iniJiiwtkOttotheTsrticaliiwaaUytaeawuriMlbjtl^^ 
or ao luany inches to thb foot. 

Batter Bni««. — The iocliood end ^Higt ot a bridge. (Pl&tti I.) 

W h mm . — A uanber intamded to VMiat bMidln|(. 

B^vain iiaiiK<-r. — \ tod OT Sfoare bar anppcrtiitf a Smt bema ftom a dioid pin. (Fkte I. 

and Plato 11,, Fig. I".) 

B— I hanf » Vote. — NutooB tbe «nds of bean hoagen, acrviog to i»«a» the floor boain 
against the fwt of the posts or o^jainrt the clionl hea<U. (Plate II., Fi;j. lt>.) 

M oLh uMKer Plate. — X pbkti* pUtvod beneath the vnd of a floor tieani for the beam*hangier 
antt to rest against. (Plate II., Fig 10.) 

■lartagi — A i«atingi.pbuN!k oanalij fbr a pin or civet 

n<rnt-in(r-nt«Mnr«. — The pressure on a bearing. 

Ued Plat*. — A pinto to dictribato prossuro upon masonry. (Plate IX, Fig. Ik) 
ll eiiil» » 4 i ai M ei a ». — Tho inonent of a foroe <r foroea whieh bend la* tend to Iwml n 

piece 

UviMtinK<.i»trpM. — 'I'he »tre!5s produced in a pieco by liendings 
Beat. — > A fhuneof timber or iroo, naoallj the former, aa a bent ot lUae-vork. 
B«nt Byo. - An eye on tlte end of a bar, the phiuc of whidi siakei an angle with the 
direction of the lea<^ of the bar. (Pbte II, Fig. 11.) 
■tfvel* — The ahipe on the and of a pieoa. 

am ar Material. — A Hat of nriooi porUoiMi of material gMag dimanaloiM and weighlat or 

otber inMt.itive men^nremprtj". 

Block. — A system of one or more pulleys or aheavei^, m urraugeil lu a Irame or ahcii aa to 
naoltiply the power of the ropo pa—hig aronad them, or to ebaage its ^xeetiotti (Mate ZU. 
Kg. 2 1 

Beard Hfi«»Mr«>. — The measure of timbor, tho unit being a piece one fcxtt iM^iiare and one 
iadi thick. Timber ic aold at ao maeh per thooaand feet board oHiaaarei otnally written, per M. 

b. Ul. 

BoU. — An iron rod with a equare bead at one end, and a thread and nat at tbe other. 
— The Engliab same for chord. 
■• Oonerally aatrot»bot sometimes the terui ia applied to a tie. 
BraekM. — .V knco or knoc biaoe to connect a poet or b.;'ter brace to an ororhead atrut, 
(Plate I. or Pbtc II., Fig. 11.) 

Bwielag WTpaaaii ft ftwno to braeo or itiffen parallel atringfirt orgirdeia. (JPUAo Tt., 
Wt^. 10 and 14.) 

DalltaBMia. — A boom made up of plates and angles rivetoil togiitlwr. ti'hite 11., Fig. 10.) 

Bmbii(^ of pHato Mrtj^Tflf in ibe form of a dutanel. (Plato 
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ITL, Figs, a an'l &) 

itairr. — A rangb edge er tUtge Ittft by a t«oI in cnttiag^ laetal. Hie tenn ii watetiiaee nied 

2br 11 un*. 

Button Hett. — A Uiu] for foru.ing iLv LcuiLi vlrivcta. (Platv XII., Fijj. :>.) 

OiMikvr. — The Upward onrratiiro of a (rasa. It u meAsnred bj tbe buight of the middle 
point of tlir 1 1 iitro line of tlio Ijwtr cbor4 alwo the line j:»inln^ the centres of end pin^. 

Camber iMucki. — Biocks «f wood used in erection, u placed as to be anal; romoTed. 
(Plate XX.) 

Cap* CbUei. — A tool for cnttiug iivu. It tousists of » rounded edge on tbe end of n abort 

lod. Theedi?e is very obtusf, as not *j> lir -ak ciuil/. 

CteMMof iiinvity. — TluU |M>i&t of a bu'ly about which tbo wcighti of all tlie diffurtmt 
portions balance. 

c-hftiuMlt«rOluiamlMar. — Inm rolled into tbo ebapo dunm in MOtioa on Plate II, 
Fig. 1. 

Cheek Vrnt, wt Look Nat. — A coatriTABoo to prevent a not from tnmlng wben tabject«d 
to ebock. 

ehonl. — Tbo VL)iigvc or lower port of a tru^s, uana% bori^outnl, reai^ng compreaeioti or 
toDMon. (Plate T.) 

CkovdBw. - A uionilx r i>i the cIk r.l \.liii !i is siil>j< di"l to f<;nKii)n. iPIate I.) 

Choi'<( H. nii. — Tlic etil 11 :< T t n'l of a chord Imr, tLnm-xh wl.idi \\\c ] in pamrTB 

Clionl i>u< klttg. — Thfi aiTiingemtnl of tlic l>oltom chord of a truiiS. 

dear tieaawar* — Tb« vertioal distance ftmax the npper mrfaee of tbo v^le to the Waat 
par* • r tl ov. ihciid bnudng. Itiannicasoroflf tbo beigbtof tbeUgbeet cw that could paas 
through the bridge. 

cteatr naadwar. — Tbo borlaontiil dietanoe, moastircd perpcndiCDlarljr to the plane* ol 

tho trns^oR. bi>tw.vn tl.o 'mr\er c l<;es of the hatter bntcc*. It ie ameamn of the width of the 
wideat car that coukl jnua through Ute bridge 

cl«At» — A namnr alrlp of wood nailed to (omothin^ for tho i>iiri>oso of k* cpinc; a piece of 
wotk in its pmper place. 

Co-rdlelciit of Friction. — A nutiu'rical tjti.'iiiti" y. " hii h, jiniltijilicHl into the nonuiil pres- 
sure, givvs the fric'tiuoal rc^iiianco. It ij <'<|mU to thu uaturul tutigeut of thu ang]« of reposu. 
OaM Cklaaa. — A tool for cutting iron. (Pbite X1I.« Fig. IS.) 
i diiiiiiii, A ].i!l:>r or Ktrul ; a 1 tn;^ ineinbor M'hioh ri'si-1 s c>uipri'?iion. 
C«m|M>ii«>ni. — One of Uiti pai-U into which a elr«MS luajf he rattolvvd or divided, 
Comimuloa. — A Bireas wbicb tend'i to sbt rteti the member which ia »nbjected to it. 
Concent I it tf*! r^nd. — A loltd tvliii-h is. or uiny be r^insidercd, collcetod atotte Or more pmots;. 
CoBHectlnc-Ftatr. — A plate U8t>d for coDUccliny: two piovc^. 
CoNtinnoaa Bpana. — Con«ectiUv6 Rpans c;>nnccted over the points of support. 
Cnnntrr. — An adju4tiibl.- diiiiroiial which isQOt Subjected to uttcss bf ft nniform^ diatvi- 

bat«d loud C"v. -ir^ •'';r I (Plate I.) 

<;ountersuuU uircts. — Rivets, tho headri of which ai'c let into one or both of the pb>tcs 
which they eonneet. to aa to haTO a flnsb anrfaee or surfaiH». 

t'oupli-. — 'V\\ > , ljual and ji.ir.ilkd forces n^l nftiu;^ in the simte line. 

CoT«r Platv. — A platd used to cover a joint, or lo connect two pieces of the top chord plate. 
(Plato n.. Fig. II.) 

Crab. — A slow-)iiotii)U laachine, work- d by a ennik for the purpose of winding a rope UpOU 

adrum, thereby i-aisintj a heavy wei'j[ht. (Pl:itc XII., Fi^. 1.) 
Cro^r Bar. — An iron lover. <Phite XI I., Fig. 17.) 

curvmtutv gtrssaa s , — Stves^ p«Niduccd by the eentriftogal farce of passing iraina» when 

the brid<»o \i on a cnrvo. 

Dap. — To notch tiu)bcr onto its boiu-ing. 

Oead Ciaad. — The weight of all th« parts of tho bcidgo itaelf* A|^d any Hiing that may 
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TcnMiti apon it for auy IcultUi of tiuio. 

De«k uridse, — A britl({o lo wlifch tho iMisaliig IoukI^ cmoo a^va the upper chofdi or the 

OpjuT <-n-! , . f 

tat tlia amoant of tnotiun, nnil ^t;Dt.T.i]ly c-Vprt5«uil in iiicb«a. 

n<-iiiJi ofTruta. — 'I'Iji; v>-rtu;.;i '1 !-><;. <l<.e l;i'\V4.:i> l': i.lltv,' litu-; n;.;ni- 1],iWl-i ell .H'lli , 

UlaKouml. — A membor ritnuiti^ ol>ji«j^neljr (tcros^ a {uiut-i. ill tiii> work aii U>e diagonals 
except the bnttcr bruc«B an tonsi<Mi uiuiulii'rA. 

uiaxnsin of !<(n^»*r«. — A 1> 1 .11 li nvin^ of » trass. Up »tt whichAre wrUteQ tlie sUvwes 
io tb« (iiaerunt uuinUprd. (Platu Xill.) 

OI(oHt«s ApimTOtK*, — A conlrivan-;.' f<.>r tbi-jxui^ a 'li r.iil. 1 v a.ick ckur of tlio track 

<Plato VL) 

Donbir lii(rr«pt- lion. — Tin- si , of i. lciv tUtf iUn;;<>iiai« ciMdi llic po»lA Kt tlio middle 
of tLoir ltn;jU>, ia Uiu l<i'i Ij^e oliuvvu t>u I'lutc [, 

P — W ei r Iwtaj tmftng, -~ Lndb^; itt which cAch bar in cauBectod by two lirete at each 

elltl. {Vhx'.r n . I'i.^r. 10.) 

UoNltlt? Tvc. — Another uauie f>>r l-i>i'iiui. 

Drift 99H^ — A nmnd or tqnnre picco of iron, usnall^' from cbo to thriw feot lon^, withoot. 

lientl or nnf, >:■'.. 1 otni- <:1 'iniUiTi. 

Orta Fiu. — A 4U-.',ktl/ Ut>crtn.{ r>^d of im i-< I m «.•<■!. is<.'I for luakiog rivi:t boi«« coincidv. 
Ito tue is mona coiiTenu'Bi ibnn «lTisati!». (I'lafo XII., I'ii,'. \ i ] 

ftSMtIv* AiTM* — The groM artri of n seetton, k>u tbnt lout by nvet or pin holet ; the Aet 
urea. 

KluAtlr l.liult. - Tlui!. iutcnsitj of Vri -.s i»t. ul.ieli Uii? jmu j <ji slr«.ii aUuiu comuiuncca 
to dlow k dt cidcd ehuiii;c. For wrout^bt-iroa it is from twelve to flfti>L>ii toos. 

KrortiiiR.niii. — A I'ill r>f idmn rial foT a bfidgts SO mranjjorl as V> facilitate .the indtag and 
placing of iueinbi.-rj tiariu^f orcciiou. 

BxiMimtom Jvlat. — 1*he connoctttm of pedvittal to l)ed*p]Ate,slMvwn on. (Plate II. Pif;. IR.) 

Ex|jMn»lon Holler*. — .\ s.'* t'f J.alf ;i <Iii,;<.Tl ii:i ri' 'unicl r,>-\s of oxactly U:o snuiO 

diamB(cr» placed undttr Ute ijhoo jiiitto at one end ot u tni -s to purinit of «xpan<ion and con- 
traction. (Plate II., Fiir. Ifi.") 

Kztrniion pintr. - A i>l;i*.> r:\ < Ui ''« til l of a strut olutiin«l> and projeetitli; bojond 
it* (ojKTtnit of tlio p.n of ;i [lin. (I'i I'o If.. Fir. iK) 

— A LoUs iu tiii-' «;U'l ot' .i iii.'uiin'v in puruiitof t!u' i<!i>>;i^c y{ ji j)in. 
Bar. — A bar with aa .< ich or one end. 

Fnctor. or l-'nclor of S«f«*«y. - Tli^'r i;:" of (lUim.-.to I>>;\1 *. > urri a'-f^t uIlowaMf workiD'j^- 
liMti. This t< rtu is jjfttiujf out ot lavor i»uiom; cUjiiiitiTs, jia iii u-r.> Liw l)> ».a jkiuiewLat abtiMd. 
There i< no each tUoj; as a factor of lafety for a weU*prqMirti>>Bed brtdj^e, for eadi member ahoald 
h.kvc an iut> 11 ,;t/ of working-Btress proportionate to the charaotvr nnd anumnt of work wbioh it 
has to perfwrm. 

Vmtl i<Ito. — A rope n^c^ ra erection for raisini; nnd lowettni; w^lijliif. 

l-'iilx-Ai cii k. — Tc'iiij" r;iry tiiu' • r \vi rk ti.i mi; jior'. ;l lii i.i;,'o diiriti'^' vrrc^ion. 
Fl«ia Utv«ttns. — fttv«tini,' done in tl^v &i:id, or doriug erection. It U the poorest and 
most expennTe kind of riTi'tintr. 

I 'ikcd Knd. — An l-h I I irat SO firmly conneoted tut to proTent nil uotbm of the stmt 

in tl>e M' I'l -'I "\ 'In.' >'n \. 

FtUlng-matc. — A pLitc tUo fulicUun uf vvLicli to Uiakc liuiiL two suifikccs. ^IMiiU II., 
Kg. II.) 

Filler. — A Rniiill v'.n-x d iiMti > r lo of j ij <> i>Iiieed oB • pin in order to keep in position 
the ineuifjtr* ojupleil U.ttri;oa. (I'l.ile II., Fijf. 11.1 

Vtwt* Jbrnid. — A lotid remaining pennoneBtly, or for » conaidvrablo Ivngtli «l time« Bpoa 
a etrueUire ov portioii ol a straotnre. 
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WlM«ii»— Theviiperorloiiwebndof BbMm. fththi i i iiii iiml imlifinrnwiitiini, iiithit 
oompvMricM or twuioB. 

Floor sjrsivm. ~ '1 hat port of the bridge which directly' rcouive* the travel. 

FlMir Bmai. A buam to rapport a tmrtion of tlw floor •»! iia kutd. (PJaIs I. aad Phte 

Via;. 10.) 

F. O B. — Frt)« oa Lk>.u-4 ship, a term usl- I ia sp<iakiag at freight. 
Km* n»Bk. — k plank for walking npoo. (PlAte* I. aii4 III.). 
Vorge. ' Au n|i]Mirjiti)s Tjr healing iron. (Pluto ZII.* Wig. II.) 
Framtng, — The carpenter work on timber. 

CtiKktr. — Attyitraetuvoto erowA ehMm or opening. Tlw tan* b generally appliadto 
sliort structure? for plaoM wbero it i$ not adviinble to um trmm; far iMtMMM!. « pUta giidcr, 

or a tolled girder. 

<i««vARall, — A rail to prevent a lierailed train from ruuuiu^ ufit a brid;^ (Plate 11; 
Fl«. 14w) 

riuj-s, or onjr liinra. — Lin< s fnr bracing the top «f a pole. dettiok,eraiijriBiilwappunitaa. 
Oyrniien. — St-e r;uUus of gjration. 

HaamMMtatf H — a. — A boad formed oil t]M end of a ber bj bamnMriiig. 

Haad Line*. — Small r>]H^ u < t to eteotlOD. 
UwMlwajr. — See clear h«adwajr. 

ntosed MmU. — An end of a etrat eonnoeted oolj by a pin. 

Hip. — The place at which the top chord uieits Uie batter bnUM. 
Bip <I«lat. — Tbe joint of the top ttliorJ aud btittvr brace. 

VavMoal.— A tod hung from the pin at the hip for thv p up "f ^<Hi>-U'Uag tbo floor 
bean. (Mate I.) 

Holding on Bar. — A h'Vur to bold a:;aln«t one end of a rivet while the heed at the otber 
end is being formed with a button ictt (i'latc XIL, Fig. 10.) 

Ueaai.— ApleoeofrollediMn ettheeectiooehowiieii (Phite II., F«. S.) 

initini Tension. -» The temioiieaiieed in any adjiistabte meBiberhgr eergwiag vpihead* 

jtuting apparatus. 

bCMutt)r.<— The intearitj of a efarew ie the aaonnt of itraat npoo a aqoere fndi of aeetion. 

Iiiifritiftdlate Mlrut. — An overhead strut in hijfh brid^fos, attichinl to the posts of oi.jx)sit.' 
ixuasea, aad ijring between the upper lateral etrat aad tbe floor. In d«ck bridges* if lued at all* 
it would Me between the upper aad lower kteffMl etmte. (Pkte I.) 

^•ekSeraw.— A machine for raising heavy w«-l{^. (Phite XII.. l^g. 10.) 

Jaw. — A connection on the end of actrot efanilar to that ehown on PUte IL, f%. 11^ and 
Plato VIII., Figs. 7—10. 

<Mat* — A pkee where two abnttlag or tapping pieoee lie eoaaeeted. 

JoUt. — A 

K««o or Kur« iiratf. — See bracket. 

fc ae to g.— A ijjeteai of bare, not iBtcreeeting eneb other at the niddlei iiaed t» oonnoet tiae 

two channels of a strut in order to make Uiem act as one member, (Plate IL» Fig, It.) 
iMtAK-Var. — ' A bar belonging to a eystem of lacing. 
iMvml Itod. — A tenalon dtagoual of a lateral system. (Phitc T.) 
Itatvral Strut. — A comprcswion meniljer of a lateral system, d'l.i'.' 1 ) 

Lateral 8yal«m. — A system of teCnii'U mi l c iLiipr.'Kii iti uiouili-Ts foruiin-.; tliowclj of 
h<MriM>utaI trutss connecting tho opposite cbordj of a bri<lge. Its purposes are to transmit wind 
pieaiara to thepiere or abutmentet end to pcerent vndne vibration fkom poning loada. 

I.attlolnj5. — A vyit(«tn of biirs f'ryiiiriL; f'.'joh r.tlif r !\t till' ini ldli-' of their lengths, n sod to 
ooanect tbe two channels of a strut in order to ntake tbem act as one uMiuber. (Plate II., 

ng. 0.) 

imMiae Bar* — A bar belMviiig to • «jatem flf lattieiav. 
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Iicg. — Oito t»£ Uio tw o i>rjiiicms ot an au'^le iron scpaia'.vJ irom eatJi otht-r hy tho bijud. 

tavMp Aintt.~11ie jierpendicalar hvn tiwcwiire <rf moineiito to tibe Una ofMUonof a 
force. T< t ,vr am of a c tuple h tbe perpea^cular fUstaaoe between the lines of aotioD of the 
two equal and ^MiriUlel forc<.>». 

Eiltr* battd. — The moving or prtf ttn? 1oa4 npm a atraetare. 

Mnviiic TruM ( lUo CiUle'l " Do iblo Q i.i lr infill ir," " W'hippb." and " I)i>uble System 
Pratt " triisj). — A truss with vertical posts and dJagjoal ties spaaning two piUKla. It is the 
trass rt-prcseutBd on Plate I. 

fiock llMt. — See check nut. 

Loo|t Kyf. — An i>\v on 1hi> ond otarod oraqmao bar* elongated into the form of aloopk 
M bhovn on Pinto 11., i?'ig«. 4 nnd S. 

tewer Vataoworti. — The ftJaework below the lewel of the lower ohonb. 

?lnlti Dlnscnnni. — \ t-vQ^irxi memlxTof a tran, 8l»pin<j; opwaxd towMidi the UMNT Clut ot 
tiic span. Main diagonals in iron hndge# are not adjustuble. 
MoMMit. — The prodaet of a foroe by ifai lever arm. 

Moment of Inertia. — llt>i)rosonte«l by the (fquation. / r,/ - £r2i/j, wT^ i.^ .1 i- Ilio 
area of tbe aectioa ojasidered, p the radiaj of ifjrr.ilion, an I r tha dlatance of anjr point from an 
Mtomed line l;inff either in the enrfMe or oatdde of it: In other word«, tiie moneut of inertia 
of a surface about any axia is tlio produ<:t of the area by tbe s^juaro of tho radius of gyration : or 
it is the summation of the products of each differential uf the area bj tho ai|aaro of its di^tanoe 
fi>oin tlu9 axis. If the axis lie in tbe surfaoe, tbe mMiaBt of inertia ii oallfld a sarface moment of 
iaertiai while, if the aade be peipendionlar to tbe sorfiMMk the numtent of inertia ieeelM 
moment of inertia. 

aia«Ut*)r Wrvnolt. — A irrench capable of being adjusted bo a« to tit nnts ot di£torent 
idMa (PkteXtC..Fijr.O:) 

inovln^ nniiti. — See live li' i'!. 

Dtud-SUl. — A timber, usually from 6 ' b; 6' to 12" by 18", at tbe bottom of a bent It is 
hid horiMtttally in a trMieh,nBd the posta of the l>entf«at npm It 

Mame Plate. — A plate of ir.>n plaoed in a coaqiiedone pOmtwA on • hridgflb eontalning 
the naoM of the maker or designer ot the elmotore. 

MegMtte* MMtatliMi. — Rotation in a direotion opposite to that of the hands of a watdb. 

■M SeatlaB. — tSe>' crroclirc area. 

Neutral Surface. — That pnrt of ji lucinluT -su1ijL'r;toil to loinJiu^, wliicb is ncitlier oxtendinl 
aor compressed. In synunetrical wroui^ht-iroa Ijeams, with equal or nearly equal flanges, it is 
taken to Im at the centre Una of the wnb. 

Not. — A nnaU piece of iron with » timNded eote toflt OB the setew and<if aheltk io4»« 
bar. (Plate II., Fig. 7.) 

<Mar wu. — A. <omn of bill mod in ordering iiMitflrial fkom tiie aunnfaotoMn. 

OrMmeatai work. — Fatti^ work at the portali of a bridge to give it enliiteetnml 
effect. (Plate* 1. and IX.) 

Qemfcis >< ■nwlwc. — Tho >> lateni Or swiiy bracia^ in Uirouj<h bridges. The tenn hi 
naoa^y effdiad to the vertical sway btwdng, if there be any i if not* to the opiier latenal bndng. 

Ptmel. — Thai portion of a truss between ad Jaoont poets or struts in Pratt trass bridges ; 
called abe a bay. 

Pni.<-t T^tiffth. — Tlie distance between two ad^4MBt fend pcinto of tlie aanw chord. 

Panel POUst. — apex. 

» s<B s tal. — The foot of a batter brace or end post ( Plate II« Fig. IS.) 
Permnnrni «et. — The alN-r tt i .n iu 1,-ngth of a piece of material which baa been mbjectod 
to stress, remaining after the stress has been remored. 
Pillar. — See eolomn. 

niat arat, ar Mia miat. — A nnti one end of which la n tnincated eoMi, need ta 
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tliMftd on th« i»ik1 of A ino whiB the liiltor h bain;? ^nv^'n iaio {jlAnt'. ( Plate tt.» Fig. 8.) 

Pin. — A cylindrical i>i-'r^- .>r iron mcl tociWh- - I, ill;,- np'wi.-i^. {Pl»tO II.* Fig. S.) 
FUch* — The diitaoco lii;lw-c«n centres of >■ jh i ii u i' ri?i.1^of the fc^ui'j raw. 
JPtaa* 9t •jrmniwtrgr. — A pLttto «livi4iu^ a h . iuta two cqnal and BjnmuoUioai jvltIb 
similarl; dlspontfl in reforcncu U> tlic phme. 

PInnt. — T>Ht!s .(11 1 nvp iiM*-"* u- -il iu c jn-i riif;tr">n. 

PInif. — A piccv« of mt uva wider Ui la a hjjt. lUucouiima diitiuciiyn Itclwocn tbo two 
ii tlwt a plate is attached to aoau-Uiio; elw.', and mU with it, whilo a bar U an independent 

PLau: uirdcf. — A Jjcam, Uuilt oi platts ami aisles, u»«d to wpauRSumUopeuiag, gecerullj 
l&» than mxtj (cot. 

l*on|r TruBi. — A trii--, : . )!!i>\v ; not fo ;Kriiti' tlu- :i ;v ^>f ov.-vh-jail Ivraoinar. 

PtorUU. — l'h« Bpoco liotwcen tlie },M tci- In ,u t.s at one end oi a bri<li;e. bomctioiM lite term 
i« applied to the portal bracin$r> though incomjttly. 

Poi-tni uraetim. — TlkL- ( >i]i1»ination of Atrot^ and tic< in the plane of tbo batter braOM at a 
portal, which tr;ti'-.t. ! - til./ '■■hi.J ].)•. -sure fr.^iu •\]'\:,y l.i'rr.il s_v.«'«.'in to the abatttieat OV Jtier. 

VboIUt* Hotatlan. — Rolatioa in the dir«!^don«f the Imtivk of a wat4*b. 

Pint. — A wrlii-al fitrut. (ri.:'!- I.) 

P.-«it TriiM. (c»]leil jiJsu tiiu " Murphy-WaippW," or " (^uatlranj^uljir " tra«s^. — A «Dgle- 
inttneeUoii tmn with vertical strata and din^«onal ties. 

(tuadi-wiiKitlsr Trua*. — .S...- Vf;\\'. Ini--. 

lUcbet UrUl. — A hand niochiu^* fur tU-ilUa>c rivvi IimIos. (Plate XIL. Fig. 4.) 

Madlttaerajnitloa. Th» radius of j^jration of an; aorface in rvforenee to an tad» is the 
distance frum thi nxir; to tlii.t, point of the surfiicoin which, if U.'- \vi,..!e vo:i wcro oncj^ntrute-J, 
the moment of incri iu in rof./ivnc o '.o *ho ;i\i> wouM be inj« li<»ngoi It vi tbetefom efLualto the 
square root of the rutio uf the luoijuut uf iuerLin wver Uie urea. 

■Mtna. To enlarge a rifet bole. 

Xieamrr. ^ A t .. ( f ,r ..nLir^'Lu;.' rivet Lolos. (Plat*' XTF., 1".,'. ID.) 

ll«-«>aft>rcln( Pla(i<. — A plutu u*eil for tluj par|KW4j of providing addiUocal pin btMiring, or 
■tMBgth to oempenaate for uatorial cat away. (Pbtte II.» Fig. 10.) 

Rp-rniiias ApiMuratiu. A rontrininco for returning to tho tmek a derailed velilele. 

(Plate V.) 

Wtmmmttmt — - To divide a force into its cf>nipon< ti' jmi U. 
ttl* — A Japanc.^u nulo <^i\\ai to al>out 2 1 £u*;liih inilos. 

Rivet. — A »h->rt ! i< . • ,,.[ ruitu t ii- u t: h -y connectin;f twoormore thicknessot of metal, 
and haviUo', when iu lihiee, a ht-u-l at t^nJ. 

KaaAway. — Tho pQna(>«.va7 of a brid-^t- for vehicles s nsMnlljr means clew roadwaj, g. v. 

ncKl. — A , f 1 . iriil ir..in. 

Koll<<d B«nm. — An I-Ucaiu. ^Piuto II., Fi^. 2.) 
Rmllerh — tlee expaasioB roller. 

n .ii«r PcMe*^ A light firame of irdn for holding* the rollers in position (Plate II., 

Baiter nat«>.— Tho plate npon whiv'i the toilers rv^Jt, tml w)ti«h itself rests upon the 
auMonr^ (Plate If., Fm- 12 ) 

nu]><> SIliiK. — Sc(j sliriL'. 

Uun. — A liue. ur jtriu ^ ; .x-^, a run of ji>i.-.l). 

■at* — The extension or C'^preciiton of a plecd of uMtorinl under stress. 

Sliror. or Slifntln^-Si — The r. ul.ic'i :i 'y ■«:!■, r.^ to the paSMgek Of the 

tendency to piisija:5e, ol otic L<;cti.>u ii]i>u^ the nest c .n-ijeuuvc eli )U, 

•klM. — A fillin;; pieco. H^e appliei t> A tiiob.'r bi;twejn the track-stinjen and ties. 
(Plato I «Bd Plate U., Fig. I*.) 
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■hfmiiiic^di.— Albtolpovtlfltisof »brfdg8kanaiig0d in a nuamer to iKilltato coostiaff 

and checking whun iho umtcrial U rcc^tveil aEtOT tblpineDfe> 
SbM». — AnotiMir tenu for pedestait q, v. 

Wkmm Pta lupywitav Pie««w — IatanBadi«to bMritt^ for adhoc pin. (^Mte II., Fig. 12.) 
Mm Ptotok —The pt.ilu on tli* nadw ti^e cf tha dioej rattli^ cb the roUef^ bed-ptato* «r 

in«*>tiry. (Plntc IT., Fr- !'i ) 

»l(lt> UrKciug. — A t>nu:ta;; fur pony triissci to attach the panels of tiie top chord to the floor 
beaimpNlonged, in order to fls tlie panel points of the I19 dtord. (Plato IZ, l^ge. 16 and 17.) 

sinf(ie int(-r»rrfioii. ^ The stylo of traaeiiiirliicli tlio diefCNDaledD not croattlM poete* 
i« represented in Hkc-lt-ton on I'late XIII. 

m ukttam, Dtrnwiaff.— A drnvini; wUoh riMnwe q«Ij (he oentrs Uaee of amnber*, eaeh m a 
^legianiolilieiiiiii. (Plate XIII.) 

Skew Bricip<>. — A brid);o in which the borizontAl iin»<< }>intng oaneq^ondlag panel puinto 

of the oppcMito irusiStiS art.- oblique to the phinea of the trus!M-». 
■M«».— A iMAvy hammer, wrtaallet (Plate XIL, Fig. 6.) 

gif*>r.. N'ui. — ,\n clonjjiite'.l uut.the oiv a'. oriocnJ hiivinjjn n'Liht-hnntl thread.nnd that at the 
other a Wft-haurl threa'L Its office is to lon^en or nhtn-teaa twnsion uteiubor. (Phite IL« Fig. C. 
' Mine. — A loop of rope, very aeef el In evectJon for making a hastj attaebmenL 

8U>pt>. — Inclination to a h<)rl/>>iit;il phinc. 

tmmMt Bloefc. — A block with one side ctvpabla of being opened for theimertioa of the cope. 
Ite oHee is to chun^'o the direetloa of the rope. { Plate XII.> FSg. 8.) 

Span. -~ lite length of n liri'Iv^c from ccntM to OOStVO of end pins Or beatings. 
SpilcM. — Ij«rge nails for timber work. 

aplajr. — To sprcud at one end the two main portioiw of a uicuiber. 
apUee. — A joint eonneeled bj neaos of plates^ 
SpUrn Plntr. — A Connecting plate at a joint. (Plato IX., Pig. 7.) 
SprciMi. — The distAOce a{xirt laterally. 

ate«««ni« u«««a.^BiTeto avenU to be staggered when eadi ritet of one row is oppoolto 

uce between two lifeto of the nast row. 
Siatir UamA, — Dead loa<l, q. V. 

•tajp vtote. — A plato always uaeA at the end of a system of laetng or Uttidttg. (Pbito IT.. 

Pi^'s. 9 ami 11.) 

aturaalng-Angkt. — An angle iron nac<l to stiffen the web of a beam. (Plate II., Fig. 10.) 

•<iflba«#.— A pii*ce of iron used to stiffen the wtib of a beam : it niny be of angle or tee 
aectiov. (Plato II.. Fig. 10.) 

sirmin, ~~'Sbit eatepgioa or oompwion of a piece of material which isor has been under 
stress. 

Mtms.— Tlie intsmal reristii^ teoe of apieee of material wMeh issliained. 
B«rimK<.r. - A beam to Support the trade and ttoload between panol points. (Plato I and 
PUto II.. Fig. 10.) 

Blrl»gMP BraefttK ffiw i a i M . ~. See bntefog fcames, 

sti f nfff r Support or Hhrif. — A shelf uf bt-nt plato Off angle iTOB tifcAtsd to a floor beam for 
the purpose of balping to support a track stringer. 
Mrat. — A member whidi redMa 

SMb-PUMbliig..— Thepnnehing of rlret holes wUdi hare to be afterwards snlarged by 
s«*ming. 

■wajr Bracing. — Bracing tninsversc to the places of the trusses. Its objects are to resist 
mnd prasnue, and to prevent ondne ▼ibration finnn panMng loads. (Plato I.) 

Tallin ornntn. — A lift of thcVim'n-n <nrenTn<<taaeesthai afleoi the dssigaiBg of a sfanuitorSb 
Tap. — A tacrew for cutting a thread in a nut. 

«M «r V Ivan,— A pieee of Kdled iton of the section dMwn on nato n« ng. 4k 
teiuiaa*— A stMas tending to ebagate a body. 
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Thvrmal »ttett. — A stross caiis't Itjr variation in temperatoro. 

TbrvMl. — Thc> spiral part of n (ii row or nn** 

T iniMBh Brtdgw. -^A brtilgo wiili uvirliead brat-in;^. 

Tir. - \ t n ■• n tiir 'r.V'r'v ; j»fn<.'nlly r<;feri to a uiain irnm. A sltHspfr. 

Tlrubvr Trurk. — A small, jjtraujj wJUfU-n fr.uitu, wiUi an iron rvllvr tn:\ eutiri-Ij' bolow the 
Upper siirfare. It Is used in bridge cKcfJon for moviag large tunlioK and hmrj weights abi^m 
Winwiy. (Vlxt.' XII.. Fi-. 7 ) 

ToBga. — Pitrt of a rivvtiug oulfiti us4:>i for h'>i<lin^ aiul carrying li««atv«l rivuU. (I'lato XIL, 
Fig. 18.) 

Tini k Strlnxrr. — Sll' HtHngeT. 

Ti-Mfe Tie. — A alaep«r. 

TnintvfrMiOwMpaiMMt. — A eompotteat in a tnuurerw dimeUoD i genemlly intended for 

a oi<in|>'>i)i".it !>• r|K>ntUouLtr to Uiu pianos of the ttUMOS. 

TruM. — An itgj'?uiljlji.;e of Uaioioa and camproiaion mombora aicaaged aata transmit 
load« from interuictUate poinU to thu eods. 

Vni«al«g.~- A. poor sii)M(titnt« for ladng or latticing. (Plate F>g> IS-) 

Tiirm Burklc. — Siiiiiliir to a slu'OVc nut, nn<l for tbo siiiut! piiriK***. Tho sMf^ nm Dj^-n. sn 
that a crowbar mnj be inscitc«d for Ui«purpos»f of Boruwii^ up. Turn buckleis are naed for inrj^er 
ban or rads tban ar« sleere nnfak (Plats II.. Fig. 6.) 

tniliuatr Mii-r>iff(ii. — 'V\w pfi'jitcst 1 > i l t! :it a jxiTti-m of iniit<*i.»l Can boar. 

VuUmrmn Ltomd. - - A lakd rio iiialribute'l over au uuUro btructuru, ihul iH^ual lengtlis t'Vi rj- 
wbere reouive eqtuU portioas. 

r-nut. — A pictv of ir')n, iu tbo fshapc of the Ii4t<'r i'. (Iin:iia;b which ini!<s»« the tJirvail*-! i-U'l 
of A ro'I, and which aifordn a booring for the nuW wilh ruwm to sciew op the liUior, ita oaa ia 
not ]K-riuianb]e in fir^tHjIass bridge ooDBtracUoo. 

Vppt>r Falaewarfc. — The faJ-4i'»v.»rk Umt lios aIh^v*; tlu> lovol of th.> lowrr olu>nlH. 

t'pM>t KikI. — An pn<\ of a rori or bar enlaTg«d for the cutting Uicroon o| « acrow-thrM^ 

VtirluUlm. — Word for word. 

V«temtfBB iM. — A tendon membar tor irertieal o» portal «waj bradng. (Plate I.) 

AVashrr. — A j-k lu of ciijst or wioaght iron to distribnte tbo pcowmo of n boll«liead t» ant 
over Uuibvr. (Tlate U., Fig. 7.) 

Wvlt. —The portion of a tniss or beam betwoen tlie flanges. Its ofllee Is. priadiMllj to 
MBlstsbenr. (Tin'. IL, V\<;. 15.) 

Wvldoa Head*. — Heads first worked into shape, then weltled ua tho ban. 

'Whin*!* TkwB. ^ See Unvillo tnu* . 

"Wina Hhmurm. — Crodn in tiinlMK cnusiHi by tho wind white tlio tree was living. 
Womteg-orsMrtnge. — Drawings containing all the ueasacieneDts acooaaary for eoBS- 

traction. 

AVni uini;-«trpw. — Tlic si roi><<, luuully tbe (;r^<atost ill ftiHi tiT wWirli ft pwTflit ffif matorisl in of 
sbouM iv siiiijr. 'eil. Sii)nftiuios inoon%-otly iMupl-'yi-'l for intensity of worinng-stnsL 
tvrpncb. — A tool for screwing up nuts. (I'lato XII., Fig. li.) 
Yea. — A Japanese psjpcr dollnr of fluctttnting valua 
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tiMwiiiw of bffidgtt baiUan, ia 

AMmmm of UMvlbMUmtm of Anf/a iron^ i j, 

t4, ifi, 17, tR, tg, I'j, -zi, ?5, 29, JJ, }4, }5. 
AUotrancMi for wastes 1 76, 109. 
AnatiiMUi laidgiH, «. 
AmericAn floor systeiu, 59. 
Analjns of atnmct in triuseB, 86. 
AadjyttaJ table o< ■farww in tnuaea, »y. 
AncboragOt 54. 66. 

Anchor platea or piece«i j4. 175. 108. 
Angli? iroD*, 14, i?, 19, 11, 24, 25, ji, jj, 
>4. J«. 

Approximate mcUiod of dotigniiig atngle txaok 

bridges, 10;. 
Asm ofpoied la vind pBtmaik «4, 84. 

Bow, bwt iiwuwrthw lor, $)« i$r. 

Duttvr braces, limiting slope for, 66. 

ii&ttor braoe plates, min. dimeiuions of, 71. 

Bottarlmoes, proportioning of. no, i$9. 

Baiter brace section*. 5), 6f 

Ikuiui hanger plrtt<:«, 56, 7}, 141, 14D. 

Ikam hangers, 56. 77, 208. Table VU. 

BooBiib wooden. 4«7. 

Bevingo, $4, 71, i$o, 204. 

Boering etzfloi, 71, i29L 

Bed pblei. S4« 7h <4>« I7$« M6. 

Bonding effect of viad OA poctal Md httanl 

etrnta, 67, 109. 
Bending effect of wiad on exists Mid butter 

braces, 67, 1 07, 1 09. 
I?t>r Hn^ stresses, intensities of, J$, I09, 
liutil piiMie to bay bridges, 9. 

Bortprapaftioneiwbeie, $]. iji. 

13eT«]8, t<)c. 
Bill of bolts, 3^0. 
BiUof Iroo, 14^ 177. 
mi«f liUBbcv. ite. 



BUi«friv«to. 176. 
BUh, ereetiog. 919. 

Bills, order, 309, iio. 
Bills, shipping, 315. 
Bolt«, 1 9 J. a JO. 

Bottom chordih $^ M« (9^ % 9Sf 1 15* 11 74 ( 1^ 
Bottom eberdot effeel of bcakoe on* 4}6w 

Hot torn chord struts, 5^ Il6j 1$^ l89> 

Braces, aide, 6, 5}, 66. 

Bneea. batter, 66. 69. 71. 120, 159. 

Brackets, 56, 1 , 14}, «oS. 

Bracing for falsework, 214, 119. 

Bracing frames for track stringers and plate 

^Men. $t,is, eo8. 
Brakes, effect of on bottom cliords, 
Bridge builders, addresses of,] 10. 
Bridg* dodgniag » epeoiaHgr* a, i» 7. 
Hrul^o inspection, 1^4. 
Bridges, cost of, 15}. 
Bridges, styles of, 5 1, 66. 
Built floor be(>mB, $6, 74, 104. Table XII. 
Built track stringers, $7, 74* 1 4 J. Xable ILL 
Buttttrk-e Co., 14. 
Ba jhig bridgao, 9. 

Cauibre, 67, 185. 

CiRaibre Uocte isf, 9|a 

Ciir lo&rLs, 6;, 81. 
Carnegie Bros, & Co., 9, 35. 
CarpeBter'e tools, 414. 
Cast iron, 77. 

Cans<^<" of •ttrcases in trusses, lifi. 
Centrifugal force of tr.una, 66, 89. 101. 
ChaoMl bottod obords, $t, 1 it, t$3« Jlt9. 
Ohaone) coniUH'tini.,' pbitefli ailNOf, M14. 
Chaaneb, properties of, TiMe XVf. 

ClutttMleBetiewMidweigltti, Ij,t6,i7y 
9i, io. ii» )4. 15. 1M» XVI. 
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Cfi.-rllnt,'. ihi th r?. nf, iji, 189,190^ 19!*, 
Cheek naU, 57, 7 I. 

Chofd bnw, 51. S)i 1 1$< 1 19* 

{'honl liea U, 1^7. 

Chord jMokiug, 76, 119. i}}. i;5t ij8, 1^9, 189. 

Choird plates, 71, iio, ijl. 

Choi-il pi-jpartiming, ii5»iii, 120, ill, ISJ^IS^' 

Chord aeotioiw, 51, 69. 

Ckttr hMidway, 66. 

Clear rondway, 65, 

C-:K.-kfrill, Soci''-tt', 15. 

Columns, furmuls for, -,o. 

CoiupwrUoD between Amorietui mid EngUitli 

brM-jca, J, 4, 5, ?. 
CwutpletAi desiga fur a bridge, ijj. 
CouipwsslTV a te eM M, 70. Tables VIIT A tX. 
Connecting pUtMb 54t 7h '4^ t69> 

17C.J 204. 

ConnecUof phlw for ehMiiiolii, ainet oft 2C4. 
Connection for luti-ral systems, 5$. 
CoDstrnc'ion of chord honds, 187. 
Continuous floor system, 51, j,;. 
Continuous siKvn-i, 67. 
Cost, '.'■t'im.it'".^ "T, I^f. 
Cost of biackituiitiiiu^, 1 j }. 
Coifefif brU^fee, rs). 
Cost of crept ion, 15 J. 
Cotit of f iilsc work, 151,15}. 
GoatoffrMnloK, isr. 
Coit of tutulin^, 151. 
Cost of iroa, 9, 151. 
Cortof lamber, 
Cost of painting. > > 
Cost of pile driving, I $4. 
CdunU^ra, 5;, 9;, 116. 
Coaateriank riveta^ 114,190. 
Cover pUtos, c, t+-, 17:. 205. 
Crllici^ui of piti^nt Japan<;<>e bridges, $. 
Canwtura irtnwee in lateral qrateuM^ 65, 10$. 
Curvatnro stroise* in pi>rtal 'ir.if intf, 108. 
Curvatore gimaaes iu truawa, <!6. 8^, 89, toi. 
GnmUiro etMBaea in vertieiil tmnj braoiB^, 
io3. 

Cutting off flaogea of cb»anoU, Si* 77> U'* 

Dapping, 6?. 

Data, taMo or Ti,' nf, q r , i r >, 1 r - . 

Dny's Work fur ui -u nn-l iiuiiunis, 151. 

D«ad loMl, «4, 8>, 8 Table I. 

Dead load stro.wos, 9;. 

Deck bridgmt, it, }2, 57. £9, 94. 

DtittbuaLi uf on iiush fur taieh 196. 



!><■ 1,1 i ,in 1 riiillip»;n, 29. 

Dq>tb« of b«A(us, ec >nouuc 1 11, 1 J4 

Beptbe of traaaee, eooiiiomiei, 145. TtltX$ L 

Derniluient, 7, 60. 

Dettign fur a bridge, 13$. 

Dealgn Cor a tneb stiliiger, ni. 

Detnih, proportionin;; of, 1 $9, 167, : : ' . 

Dia^^nal bracing for plate girder ^aiu, 5 1, 7S« 

Dia^fonals, length* of, 186. 

r)i:i:„'t-.iiiis of s'l-.'jsM, 91, 156, l6c^ 161. HalM 

Xlfl — XLII. 
Diameters of rivets, 7 7, 74, IIJ. 
Different kitt>li of floor tplbimt $(, 57- 
D!ff>'r<»nt Bty^c^ nf bridges treated, $1. 
Dimension-s, marking of, 189, 197, 200. 
Direct wind pi'ewnte etneeee, M« too, 
Dispoeitiott of nwterial in iaBgei ead ehocde* 

a- 

Ditching ai^[mnitil% 61. 
Double interaeeUoQ bridgee, $i, 66* 9i« 147. 
FlaU) I. 

Doable Wit eomwotioii foe latent etruts, 55. 

Double track bridges, 144, 54:. 
Double track bridges, weights of, Xj, 44}. 
Draughtsman's equipment, 181. 
Draagbtmen* bints to, 189^ 

Drawing, wor-king, i8i» 
Dunkerkley & Co., 16. 

Karl of Dudle;n *s R- .mi l Oskk Ironworks, i:. 
Kconoudc depths, 12 a, 114, 145. TtMo L 
Economy, 145. 

Iv' (iMniy of Pratt and AVhipjdL' trusses, 8» 

Kllect of brate.i on botttmi chonls, 236. 

Effect of wind procure on members, 64, 67, 68. 

69, 84. ?6, «8. 
Kbng'Uioa of pla bolas is bottom oboid stnite« 

116. 

Bod lower lateral etmti!, 69, 10^ i$t, 

Ktisjinos, Jiiji.atifse, 81. 

Engine, standiird. 6}. 81. 

Equipment, draaghtsman's, 

1; I'lij.'ii.'nt for raising gang, ^ij. 

Kijiiivalent lengths fur heads, nats &c. , 149. 

Kiiuiralent uniformly distribnted loads, 6j, 82. 

Erecting l.ill;«, 129. 

Kr. L ' iiiH; l.rM<:r<^, method of, 2a>( 3|0. 

Kre»;ting gang, 211. 

Ereetioii, iiu 

Estimates of ro-t, t ' I. 

Kxcess, engine, 'it, 86, 98. 
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EspMuion rollers 5;. ijt, 90S, 

Extension pUitfis. 54, 141, 17^, ,05. 

Ey^^. 75. 
Fiilaework, 214. 

F-ilscwork pUlara, siu>M of, J'able XX IV, 

FiM rivetting. J, 77, 114, 147. 

PiUing plates. 55,74. 

FiUwa, 76, J 75. 

FImI otdtr bill. 311. 

FhTj-es, 57, 74, 75, ii6. 

Fbni^es, fonGtion of, 74, iix. 
FbOM, wetkmBof, 18, 19, 41, 40. 

Flnte, weighU of, 57. 

FJiMT beam cjnnccttm to strioKen, 57, 75, laj. 

Titer beams, 56, 74, i i4. 

Floor benma in deck briUgoi, 57. 

Fl > ir beaim.in double traok bridj^, 1 14. 

Floor beaias detftU* fur, 74. 

Floor bwDwliiiiitiagdeptitt for, 75. 

Flo;>r sjsluva, nj. 

Floor sjrstem proper, $9. 
Footpluihi, 59. 

For.Mticn, 22}, 319. 

Fomiulu for oolatnnii, 70. 

FommlA ft* flftnges of floor bcam^, 1 14. 

Formula for flanj;ca of «triiiga»«rgUKl«rji, lit. 

Framing; fnlsowork, 151, i^j. 

Friction of rivelted plutos, j i j. 

VmMaUM «f webs and tangtB, 74. isa. 

Gauge of track, 9. 
Qtmuti dflBerlpitkii, $t. 
Gt>neriU spocifications, 6j. 
tiiider*. limitui^ lieptJbs of, 75. 
Qknwrr, lue of, 51. 
Oaiud rails, 7, S9^ 60. 

Hairing long diiigonoU, 5 5, 1 20. 
'Bammen, pik drinr, 3)4. 

HfiDpfrr.<. fi/'utn, 5?', 77, 108. 
llend^ of cjc-bard, 75, 187. 
Hfladway, 66. 

Tlex.i^'uTial nnU, t«bl« of, 195. 

Uinta to dmnglituion, 1 89. 

Hip oonneeUon, 5;. 140, i63, -:c4. 

Hip pin oo&oection tu Iator.d rod, 56. 

fiip v«rtiealq, $ j. 70, 7 1* 82. 89* r 15. Table 

vii; 



I JJemiis. 16, 17, 19, li, 15, afi, ■!9, jj, 34, jj. 
Imperfections of lattice girdi-rs, 7. 
Inclinations of Iiittico and lac-iug bnN, 71. 
Inclined end jyoits for deck briil^cs, 5 
Inclin4id stiSuning augl^ fwr pkibe girderit, 51. 
iBCtemrat of panel Itngth in top diortU tU. 
Indirect trnn-f in nuo of gfrc*5 by rivclii. 114. 
Indirect wind preasurtistreaaej, 86, ico, ici, 107. 
Indttoed streswc, 77. 

InitiiU tendon. 107, io«, ill, iis.T^ibleYT. 
(nspcctionof bridgM, 3}4. 
Inspector's dimeuiong^ too. 
Int.^nsity of )»>ar{ng strcB, 71, 119. 

Inlonxitj- of bendinj^ btro*?, 71, 19. 
InU-nsity of c >mpra^ivti «lrc»i, 7 >. 
Inteniitj of tendle stroaa, 7c, 71. 
Int«'rm»'dint.' ^tr it cininecUan, J*, 141, 171. 
Intermoiliate struts, 51, 107. 
boa, bills of, 149, 177. 
Iron, cast. 77. 
Iron, cist of, 9, 1)2. 

Iron joiafab i«. 17. i9i 5'. «5. a<» 29. J4» J?. 
Imb wdg^ts of, t}, 141. Tabl« I. 

Japanese bridges, ctiticijui of present, >. 
JapaBflSftbii^iw, vsightaof prosenty 7. 

Jnpuncsti engines, Zi. 

Jawa, J5, 56, 77, 141, 17}, 174. 105, 306. 

Joints in bottoin ebord struts, 54. i4»9. C'-^. 

Joint, sliding cxNtinsion, 55. 

Joints, top chord, $i, 140, i6d, :::4. 

Joists* 16, 17. 19. », 95, 94, 99, i3. J4. i5, M7. 

ff hms or Knee bract>a, 56. 77, iq<;, 14^, 2c2. 

hall I'll- iu ort'Clin;;, i:t. 
Labour in frauiiog, 151. « 
Lacing bws, ?*, 143, 17$. Tiil>le XXI 

Ijib rivl I'in*. gi/cs of, 106, 107. 
Lateral rod coaneeUon, 56, 141. 
LAtwalrodB, $), 56, 69, 116, 160, i6j. Tablo 
XIII. 

Lateral strut c •nncction, ^f. ^^i* 
Lateral Btrnts, 5 ;, 69, 16c, 161. TableXITI. 
liUteriil KjsUnM, S>, 69^ 104, I16, l6<.\ lAi. 

Table XIII. 
Lattico burj, 72, 14:, 175. 
Lattice glnlii», imptirfoeUoiis of, 7, 
Least diameter;; fur pin*. 7/'., 1 jo, ao4» lOJ. 
I'ongtltii, liuiitiug, 45. 6j,6b. 
Lsii{;tbs of d{agoii.ilB, iM. 
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Lengths of lattice lutnl lacing lMini> Tabic 
XIX. 

LeogthR of fliMiij 6$. 

Liinit.VioiK, mAnnfavturiii!?, ;8. 
Limiting; duptha of &<Kir b«aiits, 75. 
Liui{tiii)(d«pllui«f glnkn. 7$. 

Itiuiitini; kuttths of iron, 45. 
liimHin^ length* of span. 6$, 66. 
Limiting sizes of sections, 6^. 
liiuiitin^ slope iMtUa: hvwxn, 66. 
Limiting thickneM of frebst 66. 
Ittmitillg wiilUis <>f i>l.it*»«. 71, 75. 
Limit of cleBT homliray, 66. 
Littof diita. 91, 15 J, 155. 
Ltofcofawmban. 46. 
Live loaiU, 65, 81, 8;. 

I.Qnd^ dead. 64, 8 Table I. 

Ii0r4« ftir woollen bflnms. 4i7< 

Itoads, lire, 6;, Pi, 81. 

Loads on door b<!i»4ns, 64, 134. 11 J. 

Lock Bnt«, S7> 71* 

LooomoUTaa, JiapmwRSb S 

Ljwcir end of poet reinforcing, J4, 141, 17^, 104. 
Lttmbcrt Mil off ita. 
LombertlMof iiinnb«n< 50. 

Main mambors, 44, $1, it$, iss» «>j. 

MiuntenAnoe of bridges, 2 ; 

^nufnvturera of Iron, addresses of, 13, 14, i6j 

17, 18. 19. 10, 11, 15, 79, j;, J4j J5. 
Mnnufacturing limitations, 78. 
MarkitiL^ iron, s^yritfiu of, 11?. 
Mariiiag of dimunsions, 197, 203. 
Hatciial ia itnils* dUtribnUon of, $ 
Matt rmls, NIU of, 149, 17$» I77# ttt, 
Matvrinla, tvsta of, 79. 

HeMwmiieiita, meliliod of rveotding, it% 197, 

200. 

Meaaores, Bros Co. , 1 7. 
XsmbeKi, list of. 46. 

Method of erectini; i» bridge, 2:1, 250. 
Meth(Kl of flndinu 1 n -'f - of ain '.inalii, 
Mothod of rt'Coriiiug muusuri:uk<;uis, 189, 197, 

Methods of chpclcing, 151, 189, 190, 198. 
Middle of post coBDeotioD, 55, 205. 
iCaliatniBdliiiMMtonii of chord and b. br.platea, 
71. 

IlaiM]ilatfliH 175. 



Ntw Jer«y Steel and Iron Co. , J J. 
Nomcnelaturo for loads on tnusos, 90. 
Notdiea to (oUers, 55. 
KntnlKT nf nv n for bridge CMCtioilt MK 
N'lts, Sj, 76, 19J. «94« 

Oak luu«b<'r, WL-i^ht of. 64, 

Order bill, final. 211. 

Order hill, preUniiunyi 109. 

Ornamental work, 57, 175. 

Ottewll's notes on wv>rkKb<^ drawin|{s, 196. 

Outfit for driiuglitawan. 182. 

Outfit for erecting gaaf, stj. 

Omtiming of cauM, iwUtMioe to, tj. 

FtusUaflr. ehoKd. 76> i'9> i»> i)$t t<9. 

PAintin<^ 7?, i^?, 2}4. 

Paool length, tiCoDomic, 146. 

Panel Imt^iih of top eliord, eaael, 1S6. 

Piuwaic KoUiu;,' Mill Co. , 34. 

Patent Shaft and Axletrco Co. , 1 9. 

Percentages of iaerease for shock, 64. 

Philip Wmiaim A 80m, it. 

Pile drivf-r, 224. 

Pilot nat«, 78. 

Fiaeltttttber, 64. 

Fin bearing, $4, 71, X\o, 104. 
Pin holes, 75, 78. 

Pin holes in bottoa obarl stmts, ekogsttan 

of, 116, 

Pin pilots, 78. 

Pins, prui>ortioning of, 129, 164* 306. Tible 
XIV. 

Pins, Ktwl, 129,152,20*. Table XIV. 

Pias, working bending momenta Am. for, Table 
XIV. 

Plant, 

Plate girders, 51, 74, 75* 1^2. 

Plote gMen;, bmdngr fisf* S t« 75» 908. 

Pony trusses, 6, 51, ft6. 

Portal pins, aices ofi 207. 

Portal stmt oonoeetlon, 56, 142, 174, 206. 

Portal strata, 52,69,1(4. 

Post-;.' (.% fin, 120, 159, !64. 

Post sections, 5 1, 69, no, 159. 

PtwctioalmirtfaBdof ptopioporttoiiiiig, 1)4. 

Pratt trti'?s. ' 

Preliminary order bill, 209. 

Prqpovtlon for Iwn, best, f ;i* 

ProportionlnfT of hiif ti>r bra.^os, 1 : 1 58. 

Proportioning of beam hanger plates, 141, 240. 

Propovtloiniiif of beMBilMBgcta, 136. 
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Proportioning of bottom ohordi, 1 1$, t*u 1 5 :> 

I $8. 

Ptoportialdag of botlMB elwrd itantr^ tit, 158. 
Piwpo rti OBing of bradwta, 14), 408. 

R»portioninK"of chonl bow, 11;, 157. 
Fropartioning of conntcrs, 115, 157. 
n«pcrtaoniD<^ of detaili^ 1 ;9. 
Proportioning of expansion roUent, 171. 
l^portiooing of falaework, 325. 
nopovUoDtng of floor beut coBaocticin to 

RtrinKvrs, 
Piyportioning of floor b«ams, 1 24. 
Fnportioniiiit of floor ijBtem, 149. 
Proportioning of hip connection, 140, 168, 204. 
Pfoportioniog of iatermodikteitnitoonneetion, 

141. 172, 205. 
Proportioning,' of iatcnnediote otrvt^ J6}. 
Proportioning of kn«» bnow or knoMb 

208. 

Fraporttoning of latenl rode, 116, li}. 
ProportioBlng of btanl strat flomneetioiij 141, 
lyj. 

FMpovtloB&g of Ifttml otnitit xto, i6)a 

Proportionin<; of lateral 8y«tcinB, 120, 16;. 
Pioportioning of lower enda of poota* 141,172. 
204. 

Proportioninir of lonror Inlcral strutOf lnO^ li). 
!Y>ii<irtioninf,' nf main triias members, 115, 155. 
I'roportioning of middloof poBtoonoeotion, 205. 
Ftaportiaaing of pins, 149.164.906. 

Pro]i-ir!i"r,-nj; of plati- girJcr.-i, ri:. 
Propurtiouing of portal strut connection, 142, 
174. 106. 

Proportioning of portAl struts, 120, i6j. 
Proportioning of posii« 120, 159. 
Proportioning of roUod bonoM, 144. 
Proportioning of rollexoi 171* 4o8, 
IV«>jKir'.iv>nin(,' of slioes, 140, 170, 204, 
Proportioning of si<le bracing, 205. 
PtoporHoningof striagor oonnactlon to floor 

beams, 125. 
Fn^Kortioaing <d swaj bracing, 116, 16;. 
FroportkBlng of topobord eoBBoetton. 1 40, 1 66, 

204. 

Proportioning of top ohordH, 1 10, 1 58. 
Proportioaing of tiMk obringers, 126. 
VraportiaiiiDg of upper ondof poet oonamtioB, 

141. 

Froporlioning of upjK'r iaterul strut connection, 
174. «o$. 

Proportioning of upper lat.ml Btrnts, nc, if,^. 
Proportioning of vibration rods, 1 16, 163. 



Qnndrans^nlar truss, 8, 52. 
Quality of workmamhip^ ji. 

BaIIs, 60, 8j, 18:. 
Baiaing giing. 391. 

Batioof vidUklodiqpdiof ban, 5;>i}u 

Btioapitulation, lO}. <|9. 

Rooordiu'^ of uma^nrempnts, 189, 197,400^ 

Reduction of ends of pins. 56, IJ4. 
Begularity of rivet spacing, 74, 128, 147, ifOb 
Bdafoidiigpkta^ S4« 71* >39« i6B» 170, 404* 

205. 

Sc-raiiing apparatus, 60, 77, 

Resistance of cats to o t lfaual ag, 8j. 

Rivet hen-h, 49, 78. Table XIX. 

Biv«t8. bill of, 215, 318. 

BiTOta. eoaatenoak. 114. 190^ 

Rivits, ilianjeters of, 72, 74, It;, 
fiivets in flanges of beams. 74. 127. 
Blveta, bendiag momeBta Ad. t», TaMo 
XVIII. 

Rivet spacing, 74, 128, 147, 190. 
Eivctting, field, 5. 77j ii4> I47« 
Rivetting, rules for, 7}, iij. 

R<jft<hvny, oVar, 65. 

Bods, equivalent lengths for upsot en<U iic. , 
149. 

Koll. r plates, 54, 7}, 141, 174, 406. 
Boilers. 55. 66, 76, 171, 208. 
Boaad OA boa Woribb 44. 

RonmL?, Bt'Ctions of, t?, 19,44*44. 
Rounds, weights of, 44. 
Rules for rivetting. 73> 

Scales, ifi:. 

Screw threads, 71, 19J. 

Seotloosi, limiting aiiaaoi; 66. 

S<'ctions of angia imu, 14* 1^ X% 14* «5* 

Ji, ii, J4. J6. 
SeotiiOBBofobaBnela. r$. 16. 17* 19* 90,tM,i^ 

Sectknaiof flata* 18, 19. 22, 40. 

Sedioaa of I iMMUb 16,17,19,22,23,16*491 

j;. J4. JS- 

Sections of metnb^irs, 52, 5}, 69. 

Sections of rounds, iS, 19. 22, 44. 

Seetioa* of aquare ban. 18, 19. it, 44- 

^^L•otions of tocH, 19, ".r, 27. '4' 5*' 

SoDii-transporent drawing paper, 199. 

flhiquo iron, addr aaaia of manailawfaMW of, th 

t4, 16, 17, 18, 19, 20, 22, 25."29, }}, U> }5- 
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TABLE XX. 



Sizes of Lattice Bars for cbauuels of various depths and spaced at various distances. 
7) = depth of channel and d = distance botween inner faces of channels. If the value 
of il lie between tlie values given, the size of lattice bars is to be tukeu from the colunm 
containing the next largat value of d. 
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TABLE XXI. 

6iso8 of Single Bivetted Lacing Bars for channels of Tarioos deptiu And spaoed «l 
VMriow diotances. 

Z>=£4epth ofdiaiinel, and<f s dutanee b«tw«cii innwr fjtew of fthaimrfg, Xfttitt jtXoB 
of d lie between the values givou. tlic »ise of loctBg bftM 18 to bo lak«l fromtlMOOlttBlll 

coritainin;:,' tlic ic.rl lat<r'^t valiie of 
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TABIiE XXn. 

SisM cf Btoy FlatM to Ite tmd in wniBeetum witli kttwing or dovbk rivdtted ladng. 

2>H depth of eliaim«], rfasdiatanoe betveen inner fooes of ehumehi, t s tiiielokeea of stoy 

plate, I = length of same and n nnmber of rtTets on each side of stay plate. If Um valae of d 
lie between the valocs given, the aitt of etay pUtea ib to bo taken from the oolonm eontaimng 

the next largest value of d. 





SiiM of Staj Plate*. 
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TABLE XXni. 



Sizes of Stay P!iitcs to he used iii counectiou witli sinj/lc iivette<l litetiig. 

X> — dcpUi ot cljiiiinel, d = distauc« Letuecn iuncr laces of cliauuck, t = thickness of bI&j 
plato, { s lengtii of nine and n b nvmlMr of rivets on ench ride of itay plate. IT the valae of 4 
lie between the values giTen* the use of stay plates is to be taken from the eolmxm cootaiauig 

the IliZt h:iiiji}<l \;llue of J. 
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